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SUMMARY
Fire regulations for buildings and architectural designs aimed at 
providing escape routes in case of fire,rest on unexamined assumptions 
These are, briefly, that people ’panic* in fire and smoke and are 
therefore best kept in ignorance until the danger has been established 
that providing a variety of escape routes for use only in emergency 
will avert the surge to one entrance and the fight to escape through 
it.
For shorthand this is called the panic concept or scenario. Evidence 
of real behaviour in fires does not support it. As will be shown, 1 
people appear to behave rationally in the light of the information 
they have. They also show marked preference for familiar routes and
exits and concern for the safety of their family members. This
is called the ’affiliation’ model.
Chapter 1 outlines the aims and structure of the thesis. Chapter 2
discusses the concept of panic and affiliative model. Chapter 3 
reviews the existing'research on escape behaviour in fires. Chapter 
If outlines the research strategy adopted: based on multivariate
statistical analyses of categorical (frequency) data derived from 
interview accounts collected from fire survivors: Act sequence
transitions, Multi-variate and Partial-Order Scalogram Analyses 
(■MSA-1, POSA), Causal Loglinear Analysis (CLA). The analyses 
focus on Recognition of the fire threat, Role, Location, Group 
membership and Location, Direction of Movement.
Chapter.5 analyses the sequence of acts of Ul individuals in llf
domestic fires. Chapter 6 analyses the pattern and distance moved 
by 33 survivors of an hotel fire. Chapter 7 examines the exit 
choice behaviour by 75 people in the Marquee Shovbar (MSB) (Summer- 
land Fire). Chapter 8 examines the pattern of affiliative behaviour 
of 128 people in the Solarium (Summerland). Chapter 9 analyses 
the outcome of escape behaviour for groups and individuals in the 
MSB and Solarium. In general, the affiliative model fits the 
results much more closely than the panic concept. Chapter 10 out­
lines the implications of the research, in particular the weakness 
in assuming people will use conventionally unfamiliar emergency 
escape routes.
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CHAPTER 1 : INTRODUCTION : AIMS AND RATIONALE
"It is 'impossible to carry out adequate research into 
the behaviour and reactions of persons in an emergency."
(Phillips, Means of Escape from Fire : Exit Widthsj 1950)
"It will always remain essential to couple an extensive 
knowledge of building design and construction with a 
lively imagination of the effect of fire. "
(Phillips, 1950)
"Mental vagaries are not capable of precise measurement 
and we must use much imagination in making provision 
for this abstract consideration."
(Phillips, Escape from Fires : Methods and Requirements,
1951)
INTRODUCTION
If these statements are to be believed this thesis would be impossible. 
Phillips (1950, 1951) in. his authoritative guide to the British Set 
of Building Regulations, The Fire Grading of Buildings : Means of Escape 
Part 3 : Personal Safety (Ministry of Works, 1952) dismisses research 
on the psychological aspects of escape behaviour in fires as not only 
unnecessary but implausible. Like much of the existing literature 
concerned with the design of.escape routes, Phillips uses the term 
’panic' synonymously with the.psychological reactions of people to a 
fire threat (hence the 'mental vagaries' referred to). In doing so he 
is not simply suggesting the unreliability of considering or trying to 
measure people’s experiences of a. fire, rather that it is self-evident 
how people behave. The view that people's behaviour is unpredictable, 
or highly predictable in the sense that it can be predicted they will 
panic, is still widely held today (Strother-Smith, 1976). Unfortunately,
there has been a failure to see that when it comes to life safety, 
'imagination’ of the effect of fire on peoples behaviour is a poor 
replacement for psychological research.
This thesis is an attempt to demonstrate that despite the immense 
practical difficulties involved (a) it is essential to study escape 
behaviour in fires if current assumptions about people's psychological 
reactions which 'inform' fire regulations are to have any validity,
(b) it is possible to validly study the behaviour using a number of 
recently evolved methods of data collection and multi-variate statis­
tical techniques in the social sciences (c) peoples escape behaviour 
in fires is much more predictable than is commonly assumed, but not 
in terms of the panic label (<i) an alternative 'affiliative' model 
of escape behaviour provides a. basis for more valid safety design 
solutions. It is not considered too ambitious to hope that the 
research findings, if acted upon, could contribute to a reduction in 
the likelihood, of fire disasters in which large numbers of people are 
killed.
A fundamental principle of fire regulations relating to escape route 
design in Britain, USA and indeed, in many of the advanced industrial 
nations of the world, is that people should be able to reach safety 
from any point in a building by their own means. 'Means of escape' 
have been defined as 'structural means which form an integral part 
of the building, whereby persons can escape by their own unaided 
effort', Fire Grading of Buildings, Part 3, paragraph lU8 (Ministry 
of Works, 1952). In public buildings, such as hotels (Fire Precau­
tions Act, 1971), it is recommended that in buildings with more than
three storeys above ground level, at least two alternative stairways 
should be available. The underlying rationale is that in the event 
of one route being blocked by the fire, people should still have an 
alternative route to safety. Application of this principle has un­
doubtedly improved the chances of people reaching safety in a fire.
It is questionable, however, whether it reflects a real understanding 
of the nature of escape behaviour. If, for example, people do not 
use an alternative fire escape route and compete for one exit, is 
this because of panic and a concern for self-preservation as is so 
often assumed, or could there be an. alternative explanation?
The origins of this thesis are in a concern with examining the pheno­
menon of 'panic in fires'. In an extensive literature review of 
the way the concept has been used in relation to fires (Sime,
1980a), it was found that whereas the expectation of panic 
is widespread (as reflected in newspaper reports and design guidance) 
social scientists have been unable to find evidence for the widespread 
panic associated-with disasters such as earthquakes, explosions and 
bombings (Baker and Chapman, 1962; Janis, 195^; Janis, et al, 1955; 
Quarantelli, 195^, 1957, I960). Indeed, there has been considerable 
difficulty in operationally measuring 'panic' in a way which readily 
distinguishes it from other patterns of behaviour, or even defining it 
in a way people could agree on. The scientific validity of the 
concept of panic in a fire context has been in serious contention in 
recent discussions (see Quarantelli, 1980). Serious discrepancies 
exist between newspaper coverage of the Beverly Hills Supper Club fire 
in Kentucky, USA on 28th May 1977 in which headlines such as "Panic 
kills 300" (The Sun) appeared and a comprehensive research report (Best,
1977") • The deaths were attributed in the report to functional weak­
nesses in the building itself contributing to the fire spread and 
a delay in warning of some twenty minutes before people became 
seriously exposed to the fire and their route to safety was obstruc­
ted. It was concluded (p 173) "panic is not considered a major 
contributing factor to the large loss of life." (see Sime, 1980a, 
for details).
One direction this thesis might have taken would be to study in some 
detail why, as Quarantelli (1973) suggests, planners and designers 
continue to believe 'myths' about panic. Such a study would not only 
be contentious in view of the strongly held conviction that fire 
tragedies are often attributable, to panic; it seemed premature.
What is most seriously lacking is systematic research on escape 
behaviour in-fires. This thesis does not research panic behaviour 
per se or even attempt to operationally define: it. It does set out to 
research escape behaviour in the kind of entrapment situations in 
which ’panic’ is assumed to occur. Various assumptions of the concept of 
panic are examined. In analysing the patterns of behaviour no attempt 
has been made to summarise or explain the behaviour as panic. Indeed 
to begin with the assumption that people ’panicked' would have pre­
empted any attempt to research the behaviour using the methodology 
adopted: one which relies on individuals to provide an account of
their involvement and experience of a fire episode. Since the concept 
of panic (a) discredits the person’s ability to give a meaningful 
account (b) precludes any attempt to ’research’ the behaviour, it was 
considered unhelpful. In this thesis, is is contended that a more 
parsimonious explanation of peoples escape behaviour in fires is pro-
vided by an alternative model of escape behaviour: the affiliative
model. '
HISTORICAL ORIGIN AND ROLE. OF RESEARCH ON ESCAPE BEHAVIOUR IN FIRES
The fact that there are fire regulations in Britain relating to escape 
route design is a response to (a) the increasingly complex range of 
buildings and different materials incorporated in modern design (b) 
the large-scale fire tragedies recorded towards the end of the last 
century. The Manual of Safety Requirements (Home Office, 193*0 pro­
vides numerous descriptive accounts of. fire disasters in theatres in 
which panic is assumed to have been a primary cause of large numbers 
of deaths. These incidents have been used as a precedent for legis­
lation: for example, the Ring Theatre fire, Vienna, l88l, Theatre
Royal fire, Exeter, 1887, Iroquois Theatre fire, Chicago, 1903, Palace 
Theatre fire, Edinburgh 1911. The term 'legislation by disaster' has 
been adopted to refer to the customary manner in which regulations 
evolve.
A considerable literature exists not only in newspaper coverage of 
fire disasters but accounts of fires in standard fire journals. 
Paulsen's annotated bibliography of 'human behaviour and fire 
emergencies' (Paulsen, 1981) contains a number of examples from British
and American journals such as Fire Engineering, Fire Prevention.
Fire Journal (Bell, 1980, 1981 ; Best, 1916; Demers, 1981; Lathrop, 
1976; Lathrop, et al, 1975; Ottoson, 1975; Peterson, 1972, 1979,
Sears, 1970; Gharry, 197*+; Willey, 1972). The Fire Protection 
Association in Britain regularly summarises fire incidents in Fire, 
the Journal of the FPA. (see also'Strother-Smith, 1976, Fire Pro­
tection Bulletin, 1967).
Canter and Matthews (1976) suggest that the main existing sources of 
information exerting a strong influence upon preconceptions about 
what people do in fires and regulations are (a) commonsense (b) 
personal experience from fires (c) newspaper reports (d) commissions 
of enquiry and other forms of official.legislation. As Canter and 
Matthews (1976) point out, the problem of a ’reactive’ approach 
following fire disasters is that problems have to be experienced, 
often repeatedly and at great human and financial cost before they 
are dealt with. A role of research is to provide the basis for a 
clearly articulated, cumulative framework which is lacking in existing 
sources of information (see Canter 1980).
Despite the considerable literature on fires much of it either
(a) concentrates! on aspects of the physical layout and development of 
the fire, or (b) summarises the pattern of escape behaviour in a 
descriptive and anecdotal manner. The dramatic aspects of fires are 
highlighted. This applies even in comprehensive ’authoritative’ sources 
(Barley, 1972). This makes ’good reading’ but it is impossible to 
distinguish the author's opinions as to what occurred from objective 
facts. The most valuable studies have probably been those produced
by official commissions of enquiry such as the report of the Summer- 
land Fire Commission (197*+) • Here, again, the physical features of 
the building design have been of particular concern. No attempt has 
been made to carry out systematic psychological research on the 
pattern of escape behaviour.
It is only in the last decade or so, beginning with a survey by Wood 
(1972), now frequently quoted in the fire research literature, that 
any real attempt has been made to research behaviour in fires.
Indeed, it has been as a result of pressure from a handful of social 
scientists and funding by several government bodies concerned pri­
marily with, building design, (notably the Fire Research Station, UK, 
National Bureau of Standards, USA and National Research Council, 
Canada), that there are the beginnings of a research literature on 
behaviour in fires. The fact that there have now been three inter­
national seminars on human behaviour in fires (Guildford, UK 1977, 
Washington, DC 1978, Edinburgh .1980) and publications arising out of 
two of these (Canter (Ed. 1980), Levin and Paulsen (Ed. 1980), is 
witness to the fact that, research in this area has had a short but 
eventful history. These developments have coincided with the growth 
of interest in the subject of environmental psychology. One attrac­
tion of research on behaviour in fires is in its potential for 
focussing in a direct way on the nature of people's interrelationship 
with different social and physical environments. By studying what 
happens when things go wrong, one can learn about the factors normally 
influencing behaviour in buildings. The literature has been able to 
draw on the experience gained in a comprehensive programme of research 
on disasters by the Committee on Disaster Studies and Disaster Research
Group in USA. during the 1950s (see Baker and Chapman, 1962). Most of 
this research on the social reaction of communities to disasters such 
as tornadoes has been peripherally related to fires in buildings.- The 
types of methodological problems were, however, similar.
When Janis (195*+) "was writing about the dearth of theoretical models 
and descriptive nature of the disaster research, he might have been 
writing about the ’state of the art' of research on human behaviour 
in fires today:
”Field studies of large scale disasters have received 
little or no impetus towards transforming their operations 
from a hit or miss fishing expedition into hypothesis- 
oriented research. In factj. there is still relatively 
little field- research that amounts to more than a some­
what sophisticated form of journalistic reportage 
supplemented, by a.few quantitative data showing the 
percentage of interviewees who made various statements 
about what they saw and how they felt and acted during 
the disaster.”
(Janis, 195*+, pp 13-1*+)
The research questions posed in this thesis are not always in the 
conventional mould of a hypothesis-oriented experimental design in 
psychology. However, there is a serious attempt through the methodology 
adopted, statistical procedures applied and explicit examination of a 
theoretical model , to apply the empirical rigour characteristising 
traditional laboratory research to a real-life event. The main reason 
for studying escape behaviour is that it focusses the research (a) on 
an area of direct practical concern to designers and fire specialists
(b) it concentrates research on an area where there is a gap in know­
ledge: the relationship between peoples behaviour and the physical
•and social setting in which it occurs (c) it allows one to examine 
a theoretical model from which a testable proposition can be derived.
This thesis examines the 'concepts‘underlying current building regu­
lations and contrasts--these, with an affiliative model of escape 
behaviour. Regulations appear to assume that escape, .or
'flight' behaviour as it is often called, is characterised by a 
primitive automatic.instinct for survival and ’loss of control’.
In essence, the individual is assumed.to be concerned with self- 
preservation and a lack of consideration.for the safety of other 
people, even those to whom he has close psychological ties.
The advantage of the affiliative model, over the concept of panic, 
is that it (a) can be operationally defined and tested, (b) it 
focusses attention on the social and physical environment of the 
building in which escape behaviour occurs. A basic principle of 
the affiliative model is that in a situation of potential 'entrap­
ment i.e. impending danger and diminishing access to an escape 
route, there will be a strong tendency for people to 'head towards 
familiar persons and places’. This model is in direct contrast 
to the panic scenario.
Although ’escape behaviour’ in this thesis is defined essentially as
movement away from a source of physical danger,, it is considered 
necessary in developing a research strategy, to consider (a) the 
relationship between actions characterising avoidance of the danger 
and the pattern of escape (e.g. degree to which early actions and 
situational constraints contribute, to subsequent behaviour and the 
outcome: safe escape or not) (b) the degree of overlap between
escape behaviour and a variety of other activities (e.g. investi­
gation and affiliation to people and places). An alternative 
coping strategy'which may precede escape is characterised by the terms 
fight/flight - Fire fighting is not considered in as much detail in 
this thesis as approach and escape, but its importance is not 
devalued.. (For further discission of fire fighting see Sime, et al,
1981 and Chapter 5 in particular).
The term ’avoidance' is.distinguished, from that of ’escape’ 
behaivour. Avoidance suggests the anticipation of a possible danger -
and an attempt to reduce the possibility of being trapped. In this 
context approach (investigation) behaviour, although, involving move­
ment towards a danger, can be construed as a form of ’avoidance’ 
behaviour. In previous behaviourist research based mainly on rats 
and dogs a distinction has been made, between .1 avoidance’ and 'escape- 
training’ (see Deese and Hulse, 1958). In a standard experiment a 
dog is placed in one compartment of a two compartment box, the 
two compartments being separated by a doorway escape. Training 
involves eliciting a direct response by the dog jumping through the 
’safe’ compartment, as a'reaction to an electric shock, applied to 
the dog’s feet in the ’unsafe’ compartment. In avoidance training the 
dog learns to respond to a discriminative cue such as a light which gives
it prior warning that the current will be switched on (e.g. 10 secs 
later). The dog ’avoids’ the punishing stimulus of the shock. In terms 
of human behaviour a stimulus-response model may be too simplistic.
The avoidance escape distinction does, however, highlight, the 
importance of studying the interpretations and response to initial 
and possibly ambiguous cues in a fire situation if a comprehensive 
model of escape behaviour in fires is to be developed. Thus the 
initial ’avoidance’ responses may well contribute to the degree of 
success a person or group of people eventually has in reaching safety.
In the research reported in this thesis an attempt is made, not 
only to examine the basic validity of the affiliative model, but to 
explore ways in which the model can be fruitfully elaborated. To do 
so it. is-necessary to take account of behaviour both prior to and 
during escape from a building.
RESEARCH STRATEGY
Bowlby (1973, p 12*0 writes: "It is surprising how few researchers
have made systematic attempts to study the situations that commonly 
arouse fear in humans." One of the reasons for this is the considerable 
practical problems involved in monitoring these situations and the ethical 
difficulties which prohibit ’realistic’ experiments. This applies parti­
cularly to research of fires. The fact that the occurrence of a fire 
cannot be readily predicted and fires are inherently dangerous 
makes it difficult to carry out conventional psychological laboratory 
and field:experiments using observational procedures. A variety of 
research procedures have been carried out ranging from experimental
analogues or simulations of fire entrapment, to observational 
monitoring of building evacuations in non-emergency situations and 
retrospective surveys of fires based on interviews or questionnaires. 
This research is reviewed in Chapter 3.
One of the problems with, the experimental, literature is the degree 
to which, one can extrapolate from an experiment, which has attempted 
to capture the essential features of the phenonenon of interest, to 
the actual social, and. physical setting. Laboratory experiments in 
psychology have a history of, ignoring the relationship between people 
and their physical environments... The research in this area is no 
exception. A seminal, experiment by Mintz (1951) described in Chapters 
3 and 9 questions the degree to which the breakdown of ties 
between individuals is attributable to panic. Mintz: suggests that 
'competitive' behaviour,, which, may be 'non-adaptive' for the 
majority of people present, may. well be rational in the individual's 
own terms.. In a real fire it is assumed that each individual rushes 
for an exit in expectation.that others will do the same. The notion 
that a person is unable to predict with assurance that others present 
will do otherwise, i.e. wait their turn to leave, Brown (1965) labels 
the entrapment dilemma. The idea that the majority of people in such 
circumstances are acting rationally at least in their_own terms cont­
rasts with the conventional escape model which assumes everyone is 
panicking. The idea that those without strong affiliative ties may 
behave in this way is not disputed here; what is questioned is the 
degree to which what looks like chaotic competitive behaviour does in 
fact necessarily involve the disintegration of group ties. No 
serious attempt has been made to date to study the actual entrapment
situation the experimental and evacuation literature is assumed 
to represent.
In Chapter *+ the research strategy adopted in this thesis is des­
cribed. The 'accounts methodology'' is one that emphasises the 
importance of understanding the perspective of a person engaging in 
the behaviour, being studied. The use of interview accounts of fire 
experiences is consistent with a recent theoretical stance taken in 
Social Psychology. ■: It has been argued by Harre and Secord (1972) 
that if one wishes to explain people's behaviour in a given social 
situation one needs to ask them 'why' they behaved as they did. 
Accounts by individuals of their involvement in a social episode 
are deemed to be scientifically acceptable. The notion that such 
social behaviour- can be broken down into social episodes or events 
has its parallels in attempting to analyse the pattern of behaviour 
in a fire. A fire constitutes a temporal episode. In 'modelling' 
peoples escape' behaviour in the research reported in this thesis a 
number of recently developed methodological.statistical techniques 
have been applied (see Chapter U , Appendix 1 and Brown and Sime,
1981, 1982). A particular feature, of the research has been the 
application of a range of multivariate statistics for categorical 
(frequency) data. These techniques and the research strategy adopted 
are considered to have an advantage over the univariate descriptive 
techniques applied in the experimental and field research on escape 
behaviour in fires to date.
Stahl and Archea (1977) suggest that the ’human response’ in contrast 
to’•the ’carrying-capacity’ research on egress behaviour has recognised
"that the provision, of properly designed and located 
exiting facilities is a necessaryj  but not sufficient 
condition for the assurance of life safety from a 
fire. Studies by these investigators have stressed 
the need to model human spatial movement patterns 
and decision-making behaviour in an emergency 
situation which often provides highly ambiguous 
perceptual areas. "
Yet, as Stahl and Archea also argue, there has been:
"a general failure of investigators to consider the 
role of building layout and exit arrangement in 
their research.'1
This thesis attempts to redress the gaps in current knowledge of 
escape behaviour in fire by (a) taking account of the perspective 
of fire survivors (b) relating the behaviour to the social and 
physical setting in which it occurs. To achieve this a range of 
different types of occupancy and physical entrapment settings have 
been studied. These include domestic (household) fires in buildings 
up to three storeys in height: (Chapter 5), a hotel fire (Chapter
6), the Marquee Showbar and Solarium in the Summerland fire: a
large-scale holiday recreation complex (Chapters 7-9 ). The rationale 
underlying the case study approach is explained in subsequent chapters.
The efficacy of the research strategy adopted is reconsidered in Chapter 
10 of the thesis. It is argued that the approach adopted has its own 
particular strengths: that the conventional laboratory experiment, while
potentially replicable and controlling the factors which could 
influence subjects,, is a case study itself in the sense that it takes 
place in a particular physical locale. The main advantage of the 
research procedures adopted is that they take account of the actual physical
and social setting in which the behaviour occurred. Considerable 
care has been taken in defining the particular items (acts, variables 
and categories) which operationally define the pattern of behaviour 
'modelled' .
AIMS OF THE RESEARCH
The aims of the thesis can be summarised as follows:
(a) To critically evaluate the concept of- panic and affiliative 
model- of eschpe behaviour in fires.
(b) To articulate the affiliative model in a way which leads to a 
range of testable propositions and definable relationships 
between explanatory and outcome variables.
(c) To direct the research to a number of neglected areas in current 
knowledge of escape behaviour: notably the perspective of the
person moving through a building on fire, the temporal sequence 
of actions and psychological factors underpinning people's 
direction of movement through a building on fire.
■(d) To develop and apply a research strategy: accounts methodology
and multivariate statistical procedures that can be used outside 
the confines of the laboratory setting, while maintaining 
empirical rigour in the research.
(a) To evaluate the performance of the affiliative model's explana­
tory power and items (acts, variables, categories) selected in 
confirming predicted relationships. To examine the degree to 
which principles derived from the affiliative model are supported
_ in a series, of studies, of entrapment situations.
(f) To draw out the implications of the findings for (i) theory 
development, (i.e. further elaboration of a model of escape 
behaviour) and(ii) fire safety practice: in particular the
design of escape routes.
SUMMARY
This Chapter has served, as an.introductory overview of the aims, 
background to and content' of the thesis. It was argued that despite 
the developments in fire legislation, this century there is still no 
proper understanding of the psychological aspects of escape behaviour 
in fires. Research is necessary if evacuation procedures and escape 
route design-are to function effectively. To date research on people 
behaviour has been, neglected.
It is suggested that the tendency to attribute escape behaviour which 
seems ’inappropriate' to 'panic'* has actually delayed research. 
Ironically the concern to develop a.model of escape behaviour from 
which principles of.design..could be readily derived,, has led to the 
conclusion in design guidance that research on escape behaviour in 
fires is both implausable and unnecessary. The alternative has been 
'legislation by disaster’.
A distinction was made between the complementary characteristics 
and goals of 'avoidance' and.'escape' behaviour. The former poten­
tially influences the likelihood of people eventually reaching safety. 
The perspective of fire survivors was stressed as essential to study 
rather than, dismiss in accordance with the concept of panic..
CHAPTER 2
THE CONCEPT OF PANIC AND AFFILIATIVE.MODEL OF ESCAPE BEHAVIOUR
"In an emergency such as we one considering the mind 
may lose its capacity for rational thinking and the 
primitive instinct to rush blindly from danger 
will assert itself3 thus giving rise to congested 
conditions in the means of escape. "
(Phillips, Escape.from Fires : Methods and Requirements, 
1951, P 23).
"Panic has been the cause of more loss of life than 
burning by fire or suffocation by smoke ..."
"Panic may be aroused, when there is not the least 
danger from fire and in an undisciplined rush to 
escape many may suffer injury or death."
(Phillips, 1951, p 23)
"A smoke filled atmosphere can cause panic when there 
is comparatively little danger from fire spread."
(Ministry of: Works, Fire: Grading of Buildings, 1952, 
para. 100)
INTRODUCTION
This chapter examines in detail the 'conventional wisdom’ of the 
concept of panic as it underlies the building regulations and current 
academic literature. The assumptions of the affiliative model are 
then considered in some detail. Finally the definable stages of a 
fire are considered. Particular attention is directed to
the first and last of three definable stages in people's responses 
to the physical threat from fire: (l) recognition (2) coping
(3) escape. The second, stage of coping in fact overlaps with (l) and 
(3). An activity involved in 'recognition* is investigation. Like 
’escape', investigation is a form, of coping behaviour. The other main 
coping strategies are to fight the fire and search for assistance 
(or warn others).
(1) USE OF THE CONCEPT OF PANIC IN BUILDING REGULATIONS AND DESIGN 
LITERATURE
The aim of this section is to outline the way in which the concept 
of panic is used in the Building Regulations, illustrating its 
predominance as a justification for aspects of safety design and its 
basis as a definition of. escape, behaviour,favoured in the design 
literature. Further details can be .found, in (Sime 1980 a, b). An 
emphasis is placed, on. the British and French regulations since 
the British and French literature was most readily available to the 
author and these regulations form the basis of early regulations in 
other countries (for example, crowd movement evacuation formulae 
developed in Britain have been applied in Canada: see Canter and
Matthews, 1976; Pauls, 1980). It appears from a variety of 
references (see Sime, 1980a) that the panic concept figures predominantly 
in the literature on. • escape design generally in the advanced 
industrial nations of the world.
The most predominant use of the term panic is as an explanation of 
escape behaviour in large-scale disasters in which a number of 
people have been killed. Indeed, the early fire legislation arose 
out of a concern to avoid disasters of this kind. In Britain, the 
Home Office (193^) Manual of Safety Regulations provides numerous
examples of fire disasters in theatres in which panic is assumed to 
have been a primary cause of deaths. In France, the dangers of 
panic occurring in public buildings such as department stores, multi­
storey hospitals and cinemas are stressed. Recommendations are made 
to try and minimise the likelihood of its occurrence and effects. 
(Haure, 1969, 1969; Haure and Dussy, 1968; Leloup, 1972).
Panic is assumed in. the Fire Grading of Buildings (Ministry of Works,
1952) to occur when there are excessive distances to be travelled, 
limited access to exits, exits limited in number and/or size, widely 
spaced and inconveniently spaced stairs and unfamiliarity with a 
building. It is also associated, with situations in which large 
numbers of people are in a confined space or when particular types of 
people such, as children are present (Haure and Dussy, 1968;. Haure, 
1969; Home Office, 193^ -) • The term panic behaviour has been
tied into recommendations concerning maximum distance to exits and 
exit width which form the basis of legislation concerning escape 
design in public buildings such as hotels and cinemas. Panic, it 
has been assumed, occurs after a prescribed period of time (2i 
minutes in theatre auditoriums, Ministry of Works, 1952', Fire 
Grading of Buildings, Part 3), or when a crowd reaches a certain 
density (2.5 sq. ft per person - leading to immobility according to 
Haes sler, 19 77)•
Another prevalent^assumption is that ’panic* is precipitated by 
certain changes in the immediate physical or social environment 
particularly if they indicate the presence of a fire, e.g. a scuffle, 
smell of smoke, smoke itself, absence of light, a cry of alarm or
’fire*, a sudden fire alarm particularly when people acre asleep or 
in a crowded area of a building (see Haure, 1968; Home Office, 193^; 
Leloup, 1972; Ministry of Works', 1952).
’Panic* is a concept which, in the wording of regulations and 
design guidance, has been used, to justify the psychological relevance 
of safety solutions such as particular manual and automatic alarm 
systems and the provision of alternative escape routes in public 
buildings. In Britain, in buildings such as hotels, at least two 
escape routes are required for buildings with more than three floors 
above ground floor level. (Fire Precautions Act, 1971)* What there.- 
fore is the nature of this’panic’ behaviour? Essentially the term 
is applied to behaviour considered to be inappropriate, a-social. 
and. ’unadaptive* (e.g. kicking, shouting, trampling) generally leading 
to deaths and/or injuries. The behaviour is assumed to range from 
jumping from windows, escape without family members, jamming of an 
exit - in particular where large numbers of people are involved, the 
use of one particular exit and ’lack of use’ of an alternative exit. 
The- term is characteristically applied to situations in which the 
dimensions of escape routes are deemed to be adequate in terms 
of functional design criteria, but people evidently do not behave 
’appropriately*. The clearest example is the instance in which 
a secondary fire escape route designed to provide an alternative 
route to safety, is not used. This is illustrated by an example from 
the Ministry of Works (1952), Fire Grading of Buildings, para 100).
"Panic in an assembly audience results in a crowd 
jamming the exits and causing injuries quite apart 
from injury by fire. In the type of building now
_ being considered, individuals as well as groups 
may become panic striken. Lives may be lost, . 
for example, through fear of using staircases in 
which there is some smoke but-which would actually 
give safe passage out of the building."
The underlying view . of escape behaviour is one of blind, illogical 
or irrational behaviour. For example:
"Fire experience all too clearly shows that the 
fear of being burned to death or suffocated, the 
rush of smoke, and hot gases and the sight of 
spreading flames completely alter the pattern of 
logical behaviour. . Under such conditions people 
do not behave like thinking human beings."
, (Barlay, 1972)
Numerous references have and are still being made in authoritative 
sources to a primitive 'involuntary1 instinct for survival or 
flight which is assumed to occur in fires when 'panic' overcomes 'man's 
capacity for rational, thinking' (Heasslar, 1977, p 26; Merchant, 1972; 
Phillips, 1951, p 23; Strother-Smith, 1956, p 52). A whole range of 
animalistic metaphors are used to describe the people involved; 
for example: Britton (1972) "a. pack of animals obsessed by a
frenzied desire to escape they know not what.” The emphasis on the 
non-human, ' non-thinking' characteristics of the behaviour is 
reflected in the arguments of those who maintain that the solution 
to ensuring peoples safety can be found in the physical design of 
escape routes. For example, Britton (1972) suggests that "adequate 
exits are an antidote for panic" and that the physical design "will 
exert a strong psychological influence against panic."
Physical design solutions advocated-in the building.regulations 
include adequate number'of exits, anti-panic holts, proper and 
conspicuous lighting and signing systems (Ministry of Works, 1952).
Others have, recommended adequate ventilation and safety lighting 
(Haure, 1968), a guidance system of phosphorescent lights (Storey,
1973) s exits-of. suitable width. (Pes.chl, 1972).
The characteristic strategies for dealing with ’panic.’ are ones in 
%
which the amount of information available to people is minimised.
An attempt is made to control people’s movements by an ’organised’ 
evacuation (Chandessais, 1971; Taylor, 1965). This is reflected in 
recommendations that normal activities should be continued as long 
as possible in areas not affected by panic (Haure and Dussey, 1968).
In the Home Office (193^) Manual of Safety Measurements, it is 
recommended that , in places of entertainment ’the orchestra will if 
possible continue to play" (p 83), that telephones should be situated 
so that the public cannot overhear a call to the fire brigade and be 
alarmed: "this might cause panic" (p 82). The dual-alarm system
operating in department stores in Britain, in which an alarm first 
sounds in the staff area, is another example of a provision based on 
similar assumptions that information about a fire should be restricted 
if panic is to be avoided (Strother-Smith, 1976). The prevailing 
attitude in the regulations and design literature is that ultimately 
’panic’ represents a particular fori of escape behaviour in fires 
which is impossible to control: "Le facteur humain incontrolable" (Haure.
and. Bussey, 1968).. Indeed, Haure (1968) suggests that 'the human 
element makes it difficult to forecast the outcome of a fire with 
certainty and to ensure total protection from the provisions’.
(2) POTENTIAL WEAKNESSES IN THE PANIC CONCEPT
One of the main features of the use of the concept panic is the 
labelling of escape behaviour of fire survivors as irrational. The 
behaviour is characteristically viewed from the perspective of - 
independent observers, little account being taken of the perspective 
of the individuals engaging in a particular action. In a previous 
paper (Sime,. 1960b), the potential discrepancy 
between different poople’s perspectives was pointed out. It was 
suggested, that the independent observer who attributes panic to others 
may be judging the behaviour against ’external.’ criteria defining 
the objectively efficient way of achieving some goal. The ’internal’ 
criteria in. contrast would be those which the participant was 
aware of at the time of the fire.
The lack of use of exits which are available and competition for a 
single exit are often cited as evidence for panic. Yet these are 
external criteria. Examination of the behaviour against internal 
criteria could make it less likely that the concept of panic would be 
used to summarise this kind of crowd behaviour. As Turner and<Killiah 
(1957} p 10) write:
"When peoplej attempting to escape from a burning building, 
pile up at a single exit3 their behaviour appears highly
~ irrational to someone who teams after the panic 
that other exits were available. To the actor in 
the situation who does not recognise the existence 
of these alternatives3 attempting to fight his 
way to the only exit available may seem a very 
logical choice as opposed to burning to death. ’
Unfortunately, the use of the term panic tends to preclude any attempt 
to ask people about their fire experience. There is a tendency to 
assume that as people panicked in a particular instance and by 
implication they were not behaving rationally, there is no point in 
asking them to explain, their behaviour. Any account-they would provide 
would by definition be unreliable. This tendency to consider people 
who are involved in crowd congestion at an exit did not behave 
rationally means that the ’internal criteria' are not considered.
The question as to whether'behaviour during flight or congestion at 
an exit is rational/irrational., adaptive or non-adaptive 9 is one that 
has caused considerable debate in the psychological and sociological 
literature. Many, of the conclusions could be resolved by taking into 
account, or making explicit from whose perspective the behaviour 
is being judged.
At the moment there is a considerable ’descriptive’ literature on panic 
behaviour . Empirical studies of people ’ s reactions in the kind of 
entrapment situation in which panic is assumed to occur are almost 
non-existent (see following Chapter 3). This lack of empirical 
research has been noted by Quarantelli (l95*+)s'who also remarks on 
the lack of agreement as to what the term ’panic' means. As was noted 
in Chapter 1 recent debate (Quarantelli, 1978) bas served to emphasise 
(l) the difficulties in operationally defining panic (2) the lack of
research on entrapment situations.
Recently there has been a tendency in the social science literature 
to move away from the notion that people in an entrapment situation 
will behave a-socially or irrationally. Quarantelli,.for example, 
prefers to describe panic behaviour as non-social and non-rational.
He suggests that (l) an. important characteristic of the.panic 
participant is the extreme focalisation of his thought and consequent 
activity to remove himself from.the threatened area (Quarantelli, 
1951) (2) non-rational flight is. distinguished from rational flight 
by the fact that ’alternative courses of action are not weighed up’. 
However, ’for the fleeing person, his action appears to him quite 
appropriate to the situation as he perceives it at that time.’ In 
Quarantelli’s view the behaviour is not necessarily non-adaptive 
or detrimental to the chances of other people escaping. Flight 
behaviour, whether defined as rational or nonrational, may well 
reflect a realistic appraisal of an impending danger. How, however, 
can one empirically distinguish between flight behaviour which is 
rational and non-rational? The measurement of panic in a way which 
clearly distinguishes it from other forms of flight behaviour is 
plagued with difficulties. What is most apparent is that assumptions 
are being made in the design and social science literature, about the 
kinds of behaviour likely to occur in entrapment situations , which 
have neither been researched nor are articulated.in a way'that can be 
examined empirically.
Schultz (196U),unlike Quarantelli, prefers to use the term panic 
to refer to behaviour which characterises the break up of the group
per se. Perhaps the most consistent evidence for panic behaviour' 
cited is flight behaviour in a potential entrapment situation and the 
breakdown of psychological/social ties to other group members (or 
allegiance to a larger role group to whom the individual might be 
attached). The most.tangible example cited is a fire in which there 
is diminishing access to one or more escape routes caused by an en­
croaching source of physical danger. A broader definition of panic 
as in a military, context (Strauss, 19^), suggests that an individual 
must. feel, he may be unable to escape from a threat, but the constraints 
of restricted physical, access to an escape route from a building are 
not necessary as an absolute predeterminant.
Schultz (196U) suggests that flight behaviour is necessary to a 
definition, of panic, adding two further considerations ’(l) that 
flight must lead to the destruction of the group, as a psychological 
group. (2) that flight behaviour must be non-adaptive, for the physical 
survival of the group members.* . Quarantelli, who does not consider 
that an individual’s behaviour has to be non-adaptive for the group 
for it to be non-rational does consider the behaviour to be character­
ised by an interest /in self-preservation. Quarantelli (1957) stresses 
in particular the importance of social interaction and the non­
social manner in which the panic participant behaves during flight.
’The panicky person acts in a non-social way in that he disregards 
the usual social relationships and interaction patterns that guide 
behaviour. Even the strongest primary group ties may be shattered 
and the.most socially expected behaviour patterns ignored.’ Quarantelli 
(195^0 acknowledges that panic in disasters is rare and.this is 
reflected in the literature on disasters which was produced by the
Committee, of Disaster Studies and.Disaster Research Group working 
in the USA in the.1950s (see Baker and Chapman, 1962). Despite the 
detailed interviews carried out with, disaster victims, however, there 
is very little in; the way of empirical field studies of what people 
do in a (potential) entrapment situation.
The literature on panic is characterised by contradictory assumptions: 
for. example, disagreement exists as to whether panic is an individual 
and/or crowd phenomenon, whether it is limited to situations in which 
avenues of escape, are or are not available., is the cause of or result 
of family ties being broken (see Strauss, I9II, Quarantelli, 195^,
1957; Janis, 1955; Schultz, 1966; Chandessais, 1969). The wide 
variety of. ways in. which the term, is used - for example to refer to 
subjective.anxieties and/or behaviour, to describe, explain and 
retrospectively evaluate behaviour has led to tortuous and confused 
arguments (see Sime 1980a, b).
(3) AFFILIATIVE MODEL OF ESCAPE BEHAVIOUR
Reference has already been made, in Chapter 1 to an alternative model 
of ’escape behaviour’ to the conventional panic scenario. According to 
Bowlby (1973 ) behaviour indicative of 'fear’ has three distinct
types of predictable outcome (a) immobility (b) increased distance from 
one.type of object, and (c) increased proximity to another type of 
object. The movement of people characteristically involves 
’behaviour that increases distance from persons and objects that 
are treated as though they were threatening’ and/or
’behaviour that reduces distance from persons and objects that are 
treated as: though they provided protection'. (Bowlby, p llU). Bowlby 
labels these alternatives as ’withdrawal' and ’attachment’ behaviour. 
He points out that both serve the same function, namely protection; 
they are often active together and usually compatible. Although they 
share many eliciting conditions, he suggests that they are distinct 
behavioural systems. Conflicts are possible between the two.
Bowlby considers attachment, behaviour ethologically. In promoting 
proximity to special companions it has the function of gaining 
protection from predators. Indeed, he points out (p ll6) that "in 
young animals of many species, attachment frequently takes precedence 
over escape". Bowlby cites numerous examples from experimental 
studies which show the importance of attachment behaviour amongst 
young children and non-human primates, (i.e. the comfort' gained 
from remaining physically near a mother figure and the anxieties 
caused.by separation). He rejects Freud’s argument that fear of 
certain situations such as 'being alone' or 'in the dark’ or 'with 
strangers’ represents a 'neurotic' in contrast to 'realistic' 
anxieties when faced by a clearly present external danger (Freud,
1926). Many animal species,.as Bowlby points out, have a strong 
tendency to keep together and if necessary to move in a large group 
away from a .’threatening predator’, (e.g. p 15^ "lapwings and starlings 
in flight keep together as a flock, most group living mammals edge 
together when alarmed").
Another feature of Bowlby's model, is his references to the importance 
of ’familiarity’ of people and/or physical locales in determining 
the direction of movement. He points out the 'advantage when running
away'from a potential danger to run towards a potential haven of 
safetyj for small, animals ground cover, for monkeys the tree-tops, 
for group—living species the social hand, for weaker animals their 
stronger companions.'
Although the link between escape behaviour and the physical environ­
ment is not developed in any detail, he suggests that an individual’s 
personal and familiar environment, including his familiar companions, 
"have an-enormous role to play in determining his emotional state. 
Amongst children and many species of bird and mammals, behaviour 
occurring within, a home range and. in some cases the active, defence 
of territories reflects' the physical and psychological value of 
familiar physical locations.
Bowlby points out that, the immediate response of humans and other 
animals to stimulus situations depends on organismic and situational 
factors. For example, in many species males are more likely to attack 
and females to withdraw. He suggests that familiar territory makes 
for boldness, being elsewhere for withdrawal. There is also a link 
between withdrawal and exploration 'In animals of many species a 
small change in the environment elicits investigation, whereas a large 
one arouses fear behaviour.'
Another theme developed.by Bowlby is the nature of the clues which 
elicit a fear response. He traces, the development of fears to parti­
cular clues such as loud noises, separation from familiar companions 
amongst children of different ages and the role of anticipatory fears 
arising out of events, in response to objects, creatures which are
potential threats: ’fear of. future contingencies 1 (p.151). People’s
responses to particular clues (or 'cues’ as they* are labelled in this 
thesis) may range from doing nothing, investigation, withdrawal to 
companions, attack, escape.
Bowlby also points out.the strong tendency for members of a family 
or other social group to remain together during the height of a 
disaster (pp 198-200). Mawson. develops, this theme in an extensive 
review of the existing sociological and psychological literature on 
flight behaviour (Mawson, .1.978). Mawson argues that the term 'panic'5 
often used synonymously with, flight behaviour, should be abandoned 
for scientific purposes. . He argues that the tern involves making 
value-judgments, that it is very difficult to establish that flight 
behaviour in a particular situation was ’inappropriate’ in the sense 
that, an ’observer' of the behaviour might consider it to be. From 
the perspective of those directly threatened by a source of danger 
such as fire, the flight, behaviour may well be the most adaptive course 
of action which could be pursued. Mawson prefers to disgard the 
term 'panic ’ with all the tortuous semantic problems involved in its 
operational definition and measurement. He concentrates on an exam­
ination of the nature of flight behaviour, presenting an alternative 
theory to the conventional one which suggests that the main stressor 
prompting flight is a physical danger.
In the model of flight behaviour, which he outlines, flight is assumed
to be 'one aspect of a more general affiliative response that involves 
escaping from situations that are strange, dangerous or unfamiliar 
to other situations that are perceived as familiar'. He argues 
against the current sociological view of flight (panic) which assumes 
'a Hobbesian individual who, in the face of imminent danger and the 
absence of social controls., acts rationally in his own interests, 
regardless of others'. He disagrees with a number Of assumptions 
consistent with the conventional sociological view,namely that in­
variably (l) the typical response to danger is self-preservative 
flight (2) when, flight occurs it is directed toward a safe place 
away from danger. (3) physical dangers or the threat of such dangers 
are more disturbing or stressful, than other kinds of events (U) what 
prevents flight from occurring-in danger situations is regimentation.
In contrast he argues that '(l) the major behavioural tendency in 
disasters and other stressful situations is to seek and maintain the 
proximity of familiar persons and places (2) when flight occurs in 
animals and young children, it tends to be directed away from certain 
objects or situations toward other situations that are perceived as 
familiar and safe - though they may not necessarily be objectively 
safe (3) separation or the threat of separation from the familiar 
environment is generally more disturbing than threats of a physical 
nature. (U) the presence of familiar persons or situations has a 
calming influence in the face of danger, while their absence has the 
opposite effect.’
These conclusions are in a sense a summary of a number of the main 
points in Bowlby's model, of 'fear behaviour'. Where Mawson seems
to differ from Bowlby is in a: lack of distinction between flight 
and affiliative behaviour. According to Mawson much of the behaviour 
which appears to be flight from a physical threat could equally well 
be an attempt to stay in contact with companions (i.e. an affiliative 
response, as in a military retreat). He considers that flight is 
usually affiliative, although, the converse does not always hold (p l6). 
He argues that ’if attachment objects are present in the situation, 
affiliative behaviour increases in intensity and takes precedence over 
flight. If they are absent, flight is simultaneously affiliative 
behaviour’ (p 17) • Mawson does not distinguish between withdrawal 
and attachment behaviour, preferring to view both patterns of behaviour 
as determined by the individual’s location in relation to familiar 
persons and places: 'Whether or not flight occurs in response to
danger depends to a. large extent on the whereabouts of attachment 
objects' (p l6). He suggests (Mawson, 196), that flight behaviour 
may be much 'less likely to occur in fires or will be far less precipi­
tous and intense, if groups of attached persons are involved and the 
situation is a familiar one, such as home or workplace'. However, it 
is notable that in rejecting the physical danger as a primary cause 
of flight behaviour he pays little attention to (aj the particular 
physical setting, in which the behaviour occurs (b) the nature of 'cues' 
as to a fire's existence, or indeed the cues which may prompt or 
increase affiliative behaviour in the first place. This lack of 
emphasis on the development and interpretation of the threat may well 
be a gap in his - argument which needs attention.
(k) - STAGES OF A FIRE : FACTORS RELATING .TO ESCAPE BEHAVIOUR
Chapman (1962) in an introductory chapter to a hook of readings on 
'disaster* research adopts a seven phase division of disaster time 
proposed, previously by Powell, and Rayner (1952): l) Warning 2) Threat
3) Impact k) Inventory 5) Rescue 6) Remedy 7) Recovery. In the same 
book Withey (1962) defines a sequence of stages involved in an indi­
vidual's reaction to uncertain threat indicating an increasing 
defensive response l) Recognition 2) Validation 3) Definition of the 
situation U) Evaluation. 5) Commitment 6) Reassessment and over-commit - 
ment 7) Progressive use of a lattice of defence. The focus of the US 
Committee'on.Disaster Studies; 1952-1957 and Disaster Research Group 
formed in 1957, was often on the post-impact phase and the effects of 
a disaster such as an earthquake, tornado etc., on the community.
The present thesis is not concerned with behaviour leading to a fire 
(e.g. arson) or behaviour once the fire is over. A building fire 
is a much, more limited and easily defined disaster .in terms of time 
and space, than events considered in earlier disaster research. In 
the present context it is proposed that the 'recognition' stage 
covers that of warning .and threat distinguished by Powell and Rayner. 
In disasters other than fires the period of 'warning* often covers a 
longer time scale. It is clear that in certain circumstances phases 
Cl) —  '"> (3) could be collapsed .(for example, when there is a sudden 
appearance of smoke/flames requiring immediate action). In general, 
the stage of recognition favoured here covers the appearance of both 
ambiguous and unambiguous 'cues' as to the existence of a fire. One 
of the contentions in the series- of studies presented in this thesis 
is-that to understand the nature of people's responses to a fire it is
necessary to take into account behaviour preceding escape.
It is notable that the concept of.panic ; emphasises people’s responses 
in relation to an immediate unambiguous physical threat. Little 
attention is paid to the behaviour occurring during the earlier stages 
of a fire as it develops.. Yet if one is to explain what has contri­
buted to people being caught in a situation from which they have to 
escape it is important to study ’escape behaviour’ as one of a number 
of coping strategies: such as investigation, fight fire, warn others.
Escape behaviour in a sense represents, the final strategy - if other 
alternatives such as fighting the fire do not reduce the degree of 
threat . It: is possible, though, to revert to an earlier strategy after 
initial escape behaviour (i.e. movement away.from the danger).
The terms ’anxiety', 'fear' and 'stress' are used in everyday language 
and the psychological, literature to describe emotional reactions under­
lying such 'coping' behaviour. While these terms are often used in­
consistently, anxiety normally refers to an emotional reaction to a 
'stimulus' either partially evident to the individual or which may not 
even be an objective threat... When a person is fully aware of a 
threatening object or situation the term 'fear' is normally adopted 
(see Levitt , 1968). The term stress is: used by experimenters and 
theorists in a.variety of ways, for example to refer to the stimulus 
situation and/or the subjective experience, of the individual.
The aim of the present thesis is not to examine the - nature of an 
individuals emotional reactions per se, or to get involved in the 
semantic problems .that have beset, attempts to measure or define 
reactions to danger or a source of fear. It is helpful, however, to
think of fear like Rachman. (1978) has done as comprising three main 
components.: ’the-subjective experience of apprehension, associated
psychophysical changes and attempts to avoid or escape from certain 
situations’.. Rachman suggests that all three components are important 
and that research should not be limited to laboratory physiological 
studies.
The present thesis is concerned primarily with the behaviour component 
of an escape response, taking into account the information about a 
fire available to the individual during the recognition stage and his 
or her'experience of the pattern of events. The source of information 
about the fire experience and individual's behaviour is the person's 
account of the fire experience. The physiological component of a 
fear response is not considered in this thesis. This is partly due 
to the practical, problem of monitoring physiological changes the 
individual undergoes during a.fire. Above all, the focus of attention 
is on the actual movement of people away from a physical threat.
The use of the term ’escape’ is not applied here to alternative forms 
of behaviour such as occur when people become inert or frozen and 
feel too weak to move, (a form of ’psychological escape' perhaps from 
an overwhelming danger which the individual does not feel he or she 
can control).'
To understand escape movement and the behaviour which precedes it, it 
is useful, to consider a possible functional connection between people’s 
inability to control potentially threatening situations and the 
experience of fear.
As Rachman (1978) points out:
'If in the .face of threats we feel, unable to control the probable 
outcome, we are likely to experience fear. By contrast, if in the 
same threatening situation we confidently expect that we will be 
able to control the likelihood of an unfavourable outcome, we are 
unlikely to experience fear.’
He also points out that the sense of 'controllability' is related 
to 'predictability' (p 9). ’We can regard the preference for pre­
dictability and the striving to achieve it, as an early stage in 
the process of attempting to achieve increased controllability over 
a potentially aversive outcome.. The more information we have about 
the nature of the expected aversiveness, its likely time of 
occurrence, its probable direction, its premonitory signs, the greater 
likelihood that we will, find ways of preventing, it from occurring or 
of reducing its consequences if. it does occur. '
An important factor in a consideration of escape behaviour is, there­
fore, the need of individuals to control and predict. As Chapman 
(1962, p 10) points out when referring to the warning stage of 
disasters: 'It is clear as a. practical matter that the prevailing
situation in the period of, warning is that of human search for 
certainty in the absence of reliable information'.
As a means to resolve ambiguities or uncertainty in.the surrounding 
environment fear can be viewed as an adaptive response. It has the 
function of increasing the chances that people have sufficient infor­
mation about a potential threat to avoid it in time.
The lack of attention in the panic concept to the early stages of 
a fire has been pointed out. Although the affiliative model as 
espoused, by Bowlby (1973) and Mawson • (1978, 1980) is not directed 
in any more detail to the stage of recognition, and interpretation 
of an impending or.potential danger, it is possible that affiliative 
ties to other people, mediate (a).the recognition of 'cues' (i.e. 
changes in the immediate environment indicating something is wrong 
or different from normal) (b) the pattern of coping behaviour 
which follows 'recognition'. In essence, it- is predicted that 
individuals,separated from family members within the setting under 
threat,will take a cue more seriously than if the family members 
are immediately present with, the individual (for example in the 
same room), or not thought to be in the building at all. The 
important variables to study in relation to escape behaviour are
(a) the nature of the group membership (b) the proximity and 
accessibility of the group. The interaction between individuals 
has been recognised as important in the description of escape 
behaviour in fires. However, whereas individuals in flight are 
regarded essentially as competitive in a panic scenario, they are 
regarded as cooperative in the affiliative model, if they have 
close psychological ties.
Comparison of the existing panic concept and affiliative model suggests 
the need to concentrate on.the following aspects of escape behaviour:
(a) - the nature of. response to cues to a fire's existence.
(b) the physical location of the individual and those to whom
he/she has psychological ties at different stages of the
fire.
(c) the role of a person and his or her consequent familiarity 
with alternative escape routes.
(d) the nature and direction of movement within the physical setting.
(e) the pattern of group and individual behaviour.
SUMMARY
This Chapter has been divided up into four sectiors under the following 
headings:, (l) the use of.the concept of panic in.building regulations 
and design literature (2) the potential weaknesses in the panic . 
concept, ' (3) the affiliative model of escape behaviour
(k) the stages of a fire: factors relating to escape behaviour. The
Chapter contrasted the conventionally accepted panic concept and the 
contrasting affiliative model
The concept of panic has been used to justify 
features of the physical design such as adequate exit widths and to 
explain their failure in a fire. The underlying notion is one of 
blind, illogical, irrational behaviour which is assumed to be 
inherently non-adaptive, i.e. it not only reduces the chances of 
other people escaping, but is self-destructive. The conventional 
'panic scenario' is one of competition for diminishing access to an
escape route in the face of an imminent danger to peoples lives. The 
lack of use of a secondary fire escape route is characteristically 
attributed to panic.
The contrasting affiliative model predicts that in an entrapment 
situation there will be a tendency for people to head towards 
1 familiar persons and. places' . The difficulty in operationally 
measuring panic was discussed in the Chapter. Unlike the panic concept, 
which predicts the. complete breakdown of group ties, the affiliative 
model, predicts an increase in group cohesion where the psychological 
ties between individuals are strong. The social-psychological ties 
to group members may well influence the pattern of response at the 
'recognition' stage of a fire and during flight from an imminent 
danger. Research on escape behaviour needs to take account of (l) 
the behaviour occurring prior to an individual knowing from an un­
ambiguous cue that there is a fire and (2) the range of coping 
strategies besides escape pursued by individuals during a fire 
episode.
The following are suggested not only as important to study, but 
as having received insufficient attention in previous discussions of 
escape behaviour in fires (a) the recognition stage (b) peoples 
location in relation to the fire and each other.(c) their role and 
familiarity with alternative escape routes (d) the direction and 
immediate goal of peoples movement in a building on fire (e) group 
as well as individual behaviour.
CHAPTER 3
REVIEW OF RESEARCH LITERATURE. RELATING TO ESCAPE BEHAVIOUR IN FIRES . 
INTRODUCTION
The criterion for inclusion of references from, the academic literature 
in this chapter is that they should be directly relevant to the theme 
of potential entrapment in a fire. There is a considerable literature 
on the subject of escape from and avoidance of painful stimuli .in 
behaviourist studies of animals: notably rats and dogs (Deese and 
Hulse 1958)• Considerable efforts have been made to establish surrogate 
physiological measures of psychological concepts such as stress, anxiety 
. or fear. However,, much of the experimental literature on the psychology 
of learning, emotion and.motivation is not directly relevant to the focus 
of. this thesis. The literature is covered adequately by general psycho­
logical texts (e.g. Levitt 1968, Rachman 1978). Reference is made here 
to research which concentrates primarily upon escape behaviour amongst 
people (as opposed to animals) and the early stages of an entrapment 
situation, in particular recognition of cues, group affiliation, role 
and the physical aspects of the setting in which the behaviour takes 
place. In essence, the studies considered are related to the central 
focus of the thesis: an examination of the nature of escape behaviour 
contrasting, a panic.scenario and affiliative model . The strategy 
adopted in this review of the literature, therefore, is to include studies 
which are relevant to the theoretical issues raised in the previous 
chapter ana issues of methodology elaborated further in
chapter k. Particular research studies are cited later in the thesis 
if directly relevant to the study reported in a particular chapter.
In examining the research on escape behaviour in fires (e.g. Bryan,
1978; Paulsen, 1981), it is soon apparent that the major problem 
was how to conduct a study. It is self-evident that serious fires 
are normally highly dangerous and unpredictable in terms of -when and 
where they will occur. Each of the methods adopted has advantages 
and disadvantages in terms of validity (i.e. the degree to which 
a fire situation is represented). This is the primary criterion for 
discussion of the research and a starting point for the issue of the 
methodology and statistical analyses adopted in the thesis
This review of the literature covers (l) experimental research (experi­
mental analogues) (2) simulation research (3) the carrying-capacity 
research (U) computer simulations (5) field research on fires and 
disasters (in the form.of surveys, case studies based on interview 
material)'. The order in which the areas of. research are presented is; 
partly logical, partly chronological. In general the experimental 
research preceded the more direct survey research on fires. Where a 
research study does not fit neatly into one of the designated categories 
of research method, it is included under the heading it fits most 
closely.
(1) EXPERIMENTAL RESEARCH ON 1ENTRAPMENT!
A number of psychological experiments carried out in laboratories have 
been concerned to examine people1 s need to resolve ambiguities, to predict 
and control what is likely to happen under conditions of threat 
(e.g. Smock, 1955; Brim and Hoff, 1957; Pervin,"I963). The advantage 
of the experimental research considered in this section is that there 
is an attempt to test a set of explicitly stated hypotheses or
assumptions. Unfortunately, the laboratory research suffers from a 
potential over-simplification of the factors influencing responses in 
a real-life situation. Thus, in an. experiment such as that by Pervin (1963) 
the source of threat was that of electric shocks. Indeed, this is the 
conventional source of'threat in the psychological research. Besides 
the question of how ’ethical1 it is to subject people either to actual 
electric shocks or the threat of electric shocks, the question remains 
as to whether wiring people up in a ’passive’ role (where the only 
response they are allowed to make is to press a button), is a meaningful 
parallel to the situational constraints and decisions which have to be 
made in a real fire. In fact, many of the experiments do not necessarily 
say what kind of. threatening situation the electric shocks are likely 
to meaningfully parallel in real life. This does not absolve them from 
questions of validity. The following experiments are referenced in more 
detail because, they are assumed by the experimenters to be analogous 
to the factors and characteristic reaction of people caught in a fire 
entrapment situation. These experiments have attempted to simulate the 
necessary situational, determinants of fire disasters reported in newspapers 
in which there has been crowd congestion at an exit:
(a) an impending physical threat to people’s lives (b) limited access to 
an escape route.
Mintz (1951) devised an experiment considered analogous to a.theatre fire 
situation in which co-operation rather than competitive behaviour is 
necessary if people are to escape through an exit limited in size. The 
task was for groups of subjects , each of whom was provided with a cone on 
a string, to draw the cone from a glass bottle before it got wet. The
bottle was filling with water from the bottom. Mintz was concerned to 
show that blockage of an exit was not necessarily caused by ’contagion’ 
i.e. ’mutual facilitation of emotion’ but could be explained by the 
reward structure of the situation* He found that in a ’co-operative' 
group condition (no reward or fine to the individual) as opposed to a 
competitive group ’no serious jam occurred at the neck of the bottle’.
He concluded that intense fear was not an essential condition of 
apparently chaotic, ’non-adaptive’ behaviour. Indeed, behaviour which 
appears objectively non-adaptive, since the majority of people do not* 
escape, is rational in the individuals ’own terms' .In a real fire it is 
assumed that each individual rushes for an exit in expectation that others 
will do the same. His experiment intuitively appealed to Brown (1965) 
who explains the negative outcome for many of the people in. terms of a 
'pay-off matrix'. The logical difficulty an individual has in weighing 
up the probabilities of his actions leading to a successful outcome in 
relation to the behaviour of others, ’.he calls the 'entrapment dilemma'.
Following Mintz's seminal experiment a number of researchers were prompted 
to carry out what they considered to be experimental analogues of 
fire entrapment.. All of these researchers incorporated a clearer element 
of threat which they considered was lacking in'Mintz's experiment. In 
doing so, they were returning to the idea that there is some kind of 
automatic relationship between a physical threat and what is assumed to 
be competitive, emotional behaviour labelled as ’panic’. Operational 
measures of ’panic’ included the following: percentage of a group escaping 
an electric shock threat, within a specified time by pressing a button 
(Kelley et al 1965), whether or not an individual opted for avoiding an
electric shock at the expense of others apparently exposed to the same 
threat (Schultz 1966, 1967)5-intensity of escape efforts: a measure of 
increase in lever pressing rate to avoid an electric shock (Guten and 
Allen 1972).
Kelley et al found that the percentage escaping in a series of experi­
ments changed with an increase in the. size of. the following variables.: . 
threatened severity of electric shock, group size (up to 7)» perceived 
likelihood of escape, confidence responses. Schultz did not find clear 
differences relating to group size, knowledge of other peoples responses, 
but.again found some increase in ’panic responses’ with an increase, in 
the level of threatened penalty for failure to escape. Guten and Vernon 
found that an individuals escape attempts were most intense when the 
likelihood of escape and danger were perceived as highly ambiguous.
While these experiments suggest factors such as degree of danger, group 
size, ’communication’ between group members which may have a bearing on 
the nature of escape behaviour in fires, the degree to which one can 
extrapolate to a real life fire situation is questionable without 
further evidence. In particulars the opportunity of individuals to 
communicate with each other if at all was. very restricted* For example, 
the availability of confidence responses via a light switch (Kelley et 
al 1965) ana physical separation of individuals in cubicles or in rows 
separated by partitions (Schultz 1966, 1967), is hardly the same as being 
able to (a) see what other people are doing (b) verbally communicate 
with group members or anyone else who might be present in a real fire.
A notable weakness is the lack of attention to the social structure of
the groups. The experiments were restricted to student subjects. No 
attention was paid directly to the-'.physical feature of a real life 
entrapment setting (i.e. restricted.access to an exit) and whether, as 
the fire regulations assume, physical factors such as smoke, exit 
width and distance to exit are of primary importance in explaining 
the pattern of movement through doorways and choice of exit used. Some 
of the problems of validity are actually applicable to the research 
reported in the following section. Therefore additional comments will 
be reserved until after the 'simulation’ studies have been considered.
On the positive side, the attempt to define hypotheses and measure the 
influence of particular variables on the pattern of 'escape' responses, 
means that what the experiments lack in terms of validity they gain in 
terms of reliability.
(2) SIMULATION RESEARCH
The simulation research can be divided into, three categories- (a) 
research which might be termed 'waiting room' studies where the reactions 
of subjects to the appearance of smoke or the threat of subsequent 
electric shocks is examined (b) research which is concerned primarily 
with visibility of exit signs and movement through smoke (c) research 
on movement to or-through exits (with.no smoke present). The ’waiting 
room studies' begin to examine the social-psychological factors which 
might affect the initial stages of peoples reactions in a fire, in 
particular the recognition of a fire and presence of other people 
preceding initial movement to doorways. The second category of visi­
bility and movement studies pay no attention to the social-
psychological factors.which might affect peopled responses in a fire.
The third category of studies have examined peoples movement through 
exit doorways or ‘choice of exits' and have been included because they 
involve some form of simulation of a fire threat or physical parameters 
(notably exit width) which might restrict peoples movement in a real fire.
The term simulation is an umbrella term for a range of observational 
studies; some of which have involved an element of 'deception' by the 
experimenter. In general the studies have simulated social and/or 
physical factors assumed to be an important influence on peopled 
movement to.exits.in a fire. These factors are manipulated by the 
experimenter. In this sense, the studies have similarities with the 
experimental research reported, in J.the.-previous:;:.s.ection* The number of 
’variables' which might affect the outcome, in any one experiment has 
been reduced to a minimum by. the experimenter
(a) -'Waiting-room' Studies
.Unlike the experimental research cited, the 'waiting-room' simulation 
research has not restricted peoples movement and^ in most cases, opportunity 
to communicate with each..other. French (19M0 devised a 'simulation' 
experiment concerned with the difference in response of 8 organised and 
8 disorganised groups under conditions of 'fear and frustration'. Each 
of the 'organised' groups were members of student sports teams who lived 
in the same house. The disorganised groups of students were not acquainted 
with each other. Following an 'experiment' ostensibly in group problem 
solving, (each group being given insoluble problems) the group was left 
in the experimental room to fill out a questionnaire. The experimenter left
the room and smoke was made to seep under a door. The door was locked. 
The organised groups were found from questionnaire measures to "be more 
highly motivated, frustrated and inter-dependent in the problem solving 
situation. Qualitative"observations of their behaviour from behind one­
way screens indicated that the organised groups responded much more 
promptly to smoke and were evidently less inhibited in their expression 
of fear. 6 of the 8 organised groups 'attacked the door.
Latane and Darley (1968) examined peoplete response: in a similar 
experimental simulation but actually measured the speed of response 
to smoke. In their experiment male students were left in a small 
waiting-room with the door closed. The 'subjects' were there ostensibly 
for interviews on problems of life in the university and were asked 
to fill out a questionnaire. Smoke was introduced into the room 
through a vent in the wall. It was found that in condition (A)
'alone': an individual subject left the room to report smoke within a 
prescribed time (of 6 minutes) in 75$ of cases. In contrastin 
(B) groups of 3:a subject responded in 38$ of cases, in (C) a condition 
where the subject was placed with two 'passive' confederates of the 
experimenter the response to leave the room occurred in 10$ of cases.
It was also noted that 63$ of (A) subjects and only 26$ of subjects in 
the combined group conditions 'noticed' the smoke in the first 5 seconds. 
Various explanations are suggested. The subjects may have felt less 
threatened when alone, or wished to hide their fear. Latane and Darley 
suggest it is most likely that the results were mediated by the way 
subjects interpreted the 'ambiguous' situation - seeing other people 
remain passive led them to decide the smoke was not dangerous. Other 
research by (Darley and Latane, 1968) suggests that another reason for
delaying response in group situations (e.g. to someone in an epileptic 
fit) is 'diffusion of responsibility' in the presence of strangers.
Whatever the explanation, the type of group and whether one is with 
others or alone appears to have influenced responses to the 'cue' of 
smoke in these experimental simulation studies by French and 
Latane and Darley. It is interesting to compare Latane and Darley's 
simulation experiment with a series of studies of children each of 
whom was left alone in an. unfamiliar room while their mother was 
absent, (see Bowlby, 1973 , PP 60-7U). The study by Ainsworth 
(Ainsworth and Wittig, 19&9; Ainsworth and Bell 1970; Ainsworth,
Bell and Stayton, 1970) focussed on the behaviour of each of 56 one 
year old children left- in the room at various stages with their mother 
and/or a stranger and alone. The mother and stranger would enter and 
leave via the door to the room. In general it was found that the 
children exhibited a high degree of fear when alone and to a lesser 
degree with the stranger. The results generally suggest separation 
from the mother-, particularly in an unfamiliar environment, is an . 
important source of stress; that, as in research of rhesus monkeys 
(Harlow, 196l; Harlow and Harlow, 1965), the presence of a familiar 
person (particularly the mother) is a precondition for exploratory 
behaviour. Although no attempt was made in this research to simulate 
a fire threat, it raises the question as to whether movement in a 
threatening and unfamiliar physical setting could be influenced as much 
by the proximity and accessibility of familiar people as by the physical 
features of the fire threat (i.e. flames and smoke). This is a reminder of 
the affillative model of flight behaviour favoured by Bowlby (1973) and 
Mawson (1978) outlined in the previous chapter. It is interesting to note 
the references Bowlby (1973, p 81-82) makes to Kellogg & Kellogg (1933) and the
comparability of the reactions of. their son and a female chimp they 
observed in detail, to being left alone in a room and the distress -when 
faced with the 1 door closing'. Evidently there is a relationship between 
peoplefe behaviour in a threatening situation and the physical setting 
itself,reflected in a passive response to cues or movement to doorways, 
which, has been hinted at. but not auestionned directly in the simulation 
literature. In other words, the pattern of movement within the physical
A final series of experimental studies presented in a book entitled 
’’The Psychology of. Affiliation” (Schachter, 1959) is reported briefly 
in this section, because of their- relevance to the theme of attach­
ment behaviour. Subjects in the experiments were
offered the option of waiting with or without other subjects prior 
to an experiment in which they were told they would receive minor or 
painful electric shocks. Although the research did not simulate a 
fire threat or record peopled behaviour in the waiting room (in most 
cases described to subjects) the. research is included under the general 
heading of waiting room studies . . Schachter found that most of the 
sample of unaquainted female students . preferred the option of waiting 
with others when threatened they were to receive painful electric 
..shocks (high anxiety condition)..." In subsequent experiments Schachter 
•examined the possible influence of facbbrs such as communication between 
subjects, individual differences and hunger on the results. He rejects 
the idea that the preference for waiting with others is explained by a 
need for cognitive clarity (seeking information) or indirect anxiety 
reduction (diverting attention from the threat). He concludes that the
setting,although monitored,has been of less concern than
social interaction ■ /
prime motivators are a need for direct anxiety reduction (comfort from 
others) and, in particular, self-evaluation. ’Pressures arise to 
establish a social reality', he writes(p.l28), and (p.129). 'Our major 
point has been that the emotions or feelings, like the opinions and 
abilities require social evaluation when the emotion-producing situation 
is uninterpretable in terms of past experience1. Schachter evidently 
considers that this explanation, will help to explain 'emotional 
contagion, such as panic' (p.128).
The most, parsimonious explanation for affiliative behaviour is not the 
main issue here. What is clear is that under experimental conditions 
of threat there is a preference for being with others. Unfortunately, 
although these subjects were considered to be 'strangers' they were 
from a. homogeneous social group. In addition, Schachter did not study 
the nature of the interaction between the subjects or relate the behaviour 
to the physical setting. As in the experimental research, there was a 
serious attempt to derive hypotheses and test the influence of particular 
variables in relation to a theoretical model. The greatest weakness 
of the experimental and simulation research reported is one that 
characterises small group studies in social psychology in general:
(a) the research is restricted to the laboratory (b) the sample is 
restricted to students. McGrath and Altman (1966), as Fraser (1978) 
points out, 'located well over 2000 reports of small-group studies 
prior to i960. Of these, 55$ had been conducted in laboratory settings, 
another 30$ had more laboratory than field elements in them, and less 
than 5$ had been carried out in natural settings'. Fraser also quotes 
Barker (1966) 'What we have in a typical small-group experiment, then,
is a temporary collection of late adolescent strangers given a puzzle 
to. solve under bizarre conditions in a limited time during their first 
meeting while being peered at from behind a mirror1. It seems reasonable 
to conclude that if factors such as group membership and role are an 
important, aspect of peopleb response to an ambiguous or. unambiguous 
fire threat and subsequent escape behaviour, greater attention has to 
be paid, to the relationship between this behaviour and the real life 
setting in which it occurs. Only then can the assumptions made in 
the laboratory research be properly validated.
.(b) Research on exit signs, emergency lighting and visibility through smoke..
These studies relating mainly to visibility and movement through smoke 
are summarised in some detail by Stahl and Archea (1977). Stahl and 
Archea divide the research into three, categories: Japanese research on 
human behaviour in smoke-filled environments, U.S. Naval investigations 
of emergency evacuation procedures on board.naval vessels, and experiments 
conducted by the Federal Aviation .Administrations Office of Aviation 
Medicine. Since these studies do not take into account the psychological 
and social factors which could influence peopled escape behaviour in 
fires they are only examined briefly here. It should be noted that 
the studies have considered factors (a), normally considered of paramount 
importance in fire safety engineering and design (see previous chapter),
(b) that can be manipulated in design of exits: namely exit signs, 
emergency lighting. Unlike several of the experiments cited previously, 
in every case the subjects knew that they were taking part in a simulation.
The Japanese research has included the following: experiments observing 
the' actions of firemen in mine safety training pits in a variety of 
smoke densities (Watanabe et al 1973).. Walking speeds and respiratory 
rates were measured. The subjects were equipped with breathing apparatus.
In a study conducted by Tashida (1975) subjects were familiar with the 
interior space used for experiments on the effects of smoke density on 
human working performance. Tashida suggests that where occupants are 
not familiar with the environment smoke will contribute to ’panic1.
He recommends 10m as the minimum, visibility range necessary for persons 
in novel environments. (Only 10$ of his subjects returned to the starting 
point where, visibility, was 10m). Jin (1978) has examined the effects of 
smoke density on the visibility of different coloured lights and exit 
signs, observed through a glass window from outside a smoke-filled 
chamber. Visibility of a sign and. walking speed in a 20 metre corridor 
was. also examined in relation to different types of smoke (irritant/ 
non-irritant). Values for visibility distance and allowable smoke 
density,for escape from fires are proposed by the researchers.
Edmondo and Macey (1968) have' conducted research into the use of 
various illuminated directional markers (i.e. light intensities and types 
of lamps) for emergency escape from ship compartments. Garner and Lowrey 
(1976) conducted a laboratory experiment concerned, with the light output 
and smoke penetration of a variety of commercially available exit signs 
and markers for aircraft cabins.
In general,, this research suffers from a problem of all simulation 
research that the more realistic it is made (and therefore the more like 
a real-life situation) the more unethical it will be. No attention has been
paid to psychological factors such as the reason why in a real fire ./ 
a person might decide to use one exit route as opposed to another, or the 
possible ambiguity of the early stages of a fire.
(c) Research on movement to or through exits....
None of the experimental or simulation studies discussed so far have 
considered a situation in which there is. a potential choice of exit 
routes from a room. Two series of simulation experiments have been 
carried out., which are relevant to the issue of exit choice. A third 
study considered in some detail in this section is concerned with 
movement through doorways differing in width. All 3 studies attempt 
to relate the escape behaviour observed to features of the physical 
setting.
In a series of experiments, beginning with Hamilton (1911, 1916) anl 
extended by Patrick (193^ -, a,b) the nature of peoples exit choice 
behaviour was examined using an especially constructed artificial 
enclosure with four exit doors. The doors were of equal distance (2 ft) 
from the subjects. As an exercise in problem solving each subject was 
required to discover the exit which was unlocked on each trial. This 
varied on a random basis, but was never the same door on consecutive
trials. A strategy could be adopted which indicated an individual had 
understood the problem and,was acting rationally. Responses: (i.e. 
door opening pattern)were rated against an index: A to E ranging from 
the most to least’adaptable’ . In an ’unsuccessful'■condition (Hamilton 
1911, 1916) an inferential strategy A, was most likely to be followed.
In the:,experiments by Patrick (193^ -, A,B) in which a stress condition 
was included (electric shocks, water and a klaxon) the subjects, (all students) 
were most likely to revert to the least efficient strategy (E) of repetitive 
unproductive behaviour (repeatedly opening the same door.). Several comments 
can be made about this study (l) it is highly unusual in the degree of stress 
permitted, and in this sense is comparable with a fire, (2) it is the closest 
any of the-experimental or simulation research com® to an index of'
' non—adaptive ’ or: ’panic’ behaviour related to\the physical environment 
(3) the actual physical setting and source of stress are highly artificial.
In contrast Horiuchi (1978) used the sixth floor of a department store 
as the setting for a field experiment in which the outbreak of a fire 
was .simulated by a rotating lamp and whistle. The 80 subjects were from 
..a fire department and unfamiliar with the building. These subjects 
initially blindfolded were placed, in groups of ten in different locations.
The number of subjects running to each of 5 possible staircase exit 
routes was recorded. The fire location was varied on different trials.
Several methods were used to estimate the numbers who would, use particular 
exits. Predictions were based on either (a) the stair width (b) distance 
to stair (c) visibility of entrance. Method (c) was closest to the actual 
results, suggesting its importance. Thus, subjects would be unlikely to 
go to a,stair nearby if it was not visible. Despite this study’s potential
relevance to "building design it takes no account of other psychological 
factors which might influence peoples'exit choice "behaviour: such as
role, location of other people and knowledge of the fire as it progresses. 
It is perhaps worth briefly citing a simulation study by Appleton and 
Quiggen (1976, Hall (1975) in which professional actors role-played 
patients. The simulated escapes were filmed and special attention paid 
to the time taken by nurses to prepare patients, move them across 
the ward and down the stairs. Since patients in a normal fire would 
have a ’passive' role this kind of simulation study at least suggests 
the kind of ergonomic difficulties that would be encountered in 
evacuating a hospital ward.
Another simulation study incorporating physical parameters was carried 
out by Peschl (1971)- Stahl and Archea (1977) include this study in 
their category of ’carrying capacity’ research concerned with people’s 
movement along escape routes. This is primarily because like much of 
the carrying capacity research little account is taken of the psycho­
logical factors which may influence escape behaviour. Unlike much of 
the carrying capacity research however, Peschl’s study was conducted in 
a setting simulating escape conditions. The ease with which 150 student 
subjects managed to get through exits of various widths was recorded.
The experimental setting was assumed to be comparable with ’panic condi­
tions’ in a fire. No direct fire threat was ’simulated’ in the experiment. 
Peschl recorded the rapidity and and pattern of movement, concluding that 
peoples movement could be equated with that of granular particles.
The applicability of this-study to aspects of building design (e,g. types 
of door, and recommended exit width) is acknowledged. However, like 
much of the carrying capacity research discussed in the following section,
there is a serious lack of attention to the psychological and. social 
factors which may influence peoplefe movements in a fire. Many of the 
conclusions to the study rely on assumptions and. a model of escape 
behaviour which have not been adequately tested (see previous chapter).
In general the simulation research, while more ’realistic’ than the 
experimental research,, has not adequately represented the conditions 
of a real fire. Indeed, the ethical difficulties involved in subjecting 
people to conditions comparable with a fire, are likely to seriously 
weaken the validity of the conclusions made.. It is ironical that the 
more accurate and like a real fire the simulation is, the more dangerous 
and. harmful, it will be to the participants and therefore the less likely 
it is to be ethically acceptable.
(3) THE CARRYING-CAPACITY RESEARCH
Many of the studies already described have not necessarily been concerned 
directly with peoplefe ability to escape in a fire. Often the issue of 
possible entrapment, .has been used as a means to consider other more 
general psychological issues such as panic or group behaviour. The 
studies described in the remainder of the chapter are concerned more 
directly with the movement of people and-.behaviour, along escape routes 
in. fires. In this section the ’carrying-capacity’ research discussed 
has been carried out mainly in observational studies of situations such 
as crowd, movement in subways, or down staircases in office buildings.
These studies were not carried out during or after fires. Indeed, the
main potential weaknesses of the research are in extrapolating
(l) from one type of setting to another (e.g. pedestrian movement in
subways used as a basis for predictions about movement in other building 
types) (2) from a building evacuation under normal circumstances to a 
real life fire. It will soon .become apparent that in concentrating on 
factors of direct relevance to building design: in particular exit 
width and distance to exits, the research has paid minimal attention to 
social and psychological factors which may influence the pattern of 
escape behaviour. Another characteristic of the research is that it 
has been concerned primarily with movement along escape routes (in 
particular through doorways and down staircases). None of the research 
1 considers the behaviour of people prior to reaching a protected or 
partially protected escape route (characteristically the entrance at 
the top of a. staircase).
Stahl and Archea (1977) in reviewing the ’carrying-capacity' literature, 
distinguish between the research (a) of peoples movement which has 
accepted a physical-science model’ ' (b) research
of movement which rejects the physical model as sufficient for the 
conceptualisation.of egress behaviour. Although this is a useful 
distinction,the ’carrying-capacity’ research which they suggest rejects 
therphysical-science model, in particular the work of Pauls (1975), does 
not contain direct measures of social-psychological factors. The 
carrying capacity research cited here (whether explicitly supporting a 
physical-science model’or not ), is grouped together on the basis that all 
of the research uses observational techniques to study the speed and 
pattern of peoples movements in a building setting. Where there are 
differences in the assumptions made (i.e. degree to which 'physical-science 
model’ is adopted and the degree to which psychological factors are rejected)
this will be made clear. In general, much of the early research has
adopted the panic concept as a basis for supporting notions of people 
moving like ’non-thinking’ objects (see Chapter 2).
The carrying-capacity research has been directed specifically to factors 
of relevance to escape route design. Fire regulations in Britain and USA 
as well as Canada, where much of the research has been conducted, have 
borrowed from each other similar concepts and made similar recommendations 
relating to building design. The most important concepts are those of 
’unit of exit’ width and maximum travel distance to exits. The discharge 
rate through a door is based.on the.unit width concept, assuming that 
if' UO people per minute can discharge through one unit width, 100 can 
discharge in 2\ minutes. The travel distance refers to the distance 
from a particular point within the building to an. exit from a building 
or to a protected zone. The maximum distance allowed in the British 
regulations varies from 12-k^m depending on factors such as occupancy 
and provision of alternative escape routes,(Department of Employment, 
1973;. .."Fire Precautions Act, 1971; Ministry of Works, Fire Grading of 
Buildings,- 1952).
The Fire Grading of Buildings (1952), which contain extensive references 
to exit width and studies of peoples movement,:rely to a great extent 
on the research of the US National Bureau of Standards (1935), following 
the meetings of. the NFPA Committee during the pre-1920 period. These 
meetings initiated an era of research that began to replace a 
reliance of early fire regulations on anecdotal accounts of peoples 
escape behaviour in large-scale fire disasters (e.g. Manual of 
Safety Requirements, 193^ -). The research by the NBS (1935) involved
field study observational measures of exit conditions and flow rates 
through doorways, along corridors and. on stairs in..a variety of 
occupancies — generally in the course of normal use of buildings.
The Fire Grading of Buildings (1952) also cites experimental tests 
carried out by the Paris Fire Brigade of the evacuation speed of Parisian 
firemen and published in 1938 and 19^5* Urgency was introduced by the 
subjects ’deliberately hurrying and pushing to achieve maximum rate 
of discharge! Other detailed studies of walking velocity and flow rates 
have been carried out by Togawa (1935)* Togawa’s studies were conducted 
in a variety of settings in. Japan:, department stores,, apartment buildings 
theatres, museums, hotels and commuter train stations.. Fruin (1971) 
extended, the field research of pedestrian movement on stairs, along 
corridors and through doors. The field studies by Fruin were conducted 
in public buildings of various types, where users were observed in detail 
during periods of actual occupancy. The primary measures of pedestrian 
movement were the time taken for people to move between fixed points 
on a. route and numbers passing through particular doorways. These studies 
have adopted a'physical-science model*of movement (i.e. people equated 
with mechanised movements of objects, liquids etc). This is made most 
explicit in research by Peschl (1971) (described in the previous section). 
Henderson (1971).ia. a more vigorous form of analysis equated peoples 
movement with the propagation of gas particles. Henderson measured 
peoples movement patterns in actual settings and ran computer simulations 
based on the classical Maxwell-Boltzman gas model. While this gas model 
was found to predict crowd measures rather accurately it is important to 
note as Stahl and Archea (1971) point out, that the humans observed were 
neilher confined' to building interiors nor exposed to a threatening situation.
Other research "by the London Transport Executive (LIE).(1958) carried 
out on crowd movement in subways has examined descent-flows on stairways 
and the effects of introducing handrails. The problem remains in extra­
polating from these kinds of situation to the conditions of a building 
evacuation or a fire. As .Pauls (I98O) points out referring to the LTE 
study: ’London Underground users appear to have a high coping ability 
and can achieve flows and speeds that might warrant honourable mention 
in an athletic competition’.
Pauls in particular, .has been quite critical of the validity of early 
studies, and quite justifiably, it would seem, in view of his findings 
from detailed observational studies of evacuations in high rise office 
buildings in Ottawa, Canada. Prior to the research by Pauls, Galbreath 
(1968, 1969) had conducted, research of evacuation problems in Canadian 
high-rise buildings, adopting a method for calculating evacuation exit 
time suggested by the LTE research. He found that the calculated evacuation 
time was on average two minutes less than that achieved in the practice 
drills he observed.
Between 1970 and 197** Pauls carried out studies of some UO test evacuations 
in office buildings ranging from eight to twenty-nine stories in height. 
(Pauls 1971s 197**s 1977s 1979s 1980 V From mainly observational measures 
of people’s speed of descent and density of- people on the staircases at 
different points, he found serious discrepancies between his results and 
the conventionally accepted flow of. U5 persons per minute per 22in of 
stairway. The latter, he suggests,appears to be over-optimistic by 50 
to 100 per cent. Pauls (1980) suggests that two major confusions have
occurred in earlier research and the recommendations derived from it
(a) the confusion of experimental flow conditions with normal use
(b) the confusion of sustained mean flows with peak flow. He cites the 
findings of the French study using firemen and NBS (1935) report cited 
in the Fire Grading of Buildings (1952) as an example of tests based on 
one setting and misapplied in another i.e. building evacuations. His 
criticism refers to cases where flows that are actually only briefly 
sustained (i.e. peak or maximum flows) have been used as basis for design 
or for performance prediction. Pauls has urged that the traditional 
assumptions which govern stair design, in building regulations be recon­
sidered. He found for example that evacuees do not walk in a regimented 
fashion, shoulder to shoulder. Movement is-characterised by side-to-side 
body sway, individual concern for interpersonal separation. Speed of 
descent on stairs tends to be more variable than the conventional
unit width concept suggests. Evacuation time in total-evacuation drills 
appears to depend upon, total building population and available stair 
width. Pauls (1980) makes a distinction between the objective physical 
width of a corridor or staircase and ’effective stair width' which takes 
into account a boundary effect (a low incidence of a person’s shoulder 
coming within 100-200mm (U-8in) of a wall). He recommends the 'effective 
stair width' as a more accurate basis for predicting flow rates.
The disconcertingly wide variation (19-107 persons per unit per minute) 
in rates of movement down stairways cited in the Fire grading of buildings 
1952 is attributed to (a) the. urgency motive controlling speed of movement
(b) the pressure and flow from a waiting crowd (c) the relative effectiveness 
of wide and narrow exits (d) other characteristics (e.g. difference between
movement up and down staircases).
Pauls has suggested other factors which may influence the pattern of 
movement down, staircases during evacuation for e.g. 'personal space1 ; 
the notion that there is an invisible space or physical area around any 
individual within which he or she may feel uncomfortable if another 
person intrudes (see Sommer 1969). Research has shown that the acceptable 
physical distance between, individuals depends .on the identity of the 
people (for e.g. male, female, familiar person/stranger). Although 
Pauls does, not include direct measurements of the space between people 
and the familiarity of people with each other on a staircase (e.g. group 
membership)3 he does comment briefly that the relationship to people sharing 
the exit space is likely to influence the pattern of movement (Pauls 1977).
This is graphically illustrated in a recent paper showing the relative 
location of evacuees during 60, secs of a videotaped evacuation (Pauls 
1980: fig. 1^.5)• Other factors influencing the acceptable space 
between people, he suggests, are speed of movement, type of clothing worn, 
individual, emotional state. Pauls has also used questionnaires to complement 
observational techniques as a method of studying aspects of evacuation 
behaviour (see Pauls 1971- Pauls and Jones 1980). Thus, unlike the 
studies, which have adopted a strict 'physical-science model’ (e.g. Peschl 
I97I3 Henderson 1971)3ke has acknowledged that there are social and 
psychological factors which are important.
The advantage of the evacuation research is that it is directed to aspects 
of the physical environment (namely movement in relation to exit width, 
travel distance, steepness and width of staircases) of direct relevance 
to the requirements of designers and architects and the kind of recommendations
concerning fire safety design, which do exist in fire regulations.
The problem is in knowing the degree to which one can extrapolate from 
a non-emergency situation to escape behaviour in a fire. The assumptions 
of the'physical science model’ (vis ’panic' : see Chapter 2) have precluded 
attention being directed in the research'to psychological factors possibly 
influencing the choice of exit 'staircase to use in the first place or the 
nature of movement in a real fire. For e.g. are people who are
moving along a corridor or down a staircase always trying to ’escape’ 
or are there other motives e.g. to investigate ambiguous fires, warn 
others, search for fire source, fight fire? How does the nature and 
location of the fire and-presence of smoke influence behaviour? In general, 
as Stahl and Archea (1977) point out, the actual plausibility of the 
(physical-science model’of human behaviour as it relates to a fire 
situation has not been tested. Research which has acknowledged psycho­
logical factors (in particular by Pauls) has to be related to more direct 
studies of escape behaviour in fires.
Stahl and Archea (1977) recommend application of the ’carrying-capacity’ 
data base only to emergency egress design problems in which occupants 
may be expected to demonstrate: unambiguous threat perceptions, a high 
degree of familiarity with the building’s circulation system, exit 
locations and emergency procedures, an immediate purposeful and well- 
staged exiting response.
Various reasons have been suggested for the discrepancy between evacuation 
times based on calculations, derived from the earlier evacuation studies
and more recent observed evacuation times (see Melinek, 1975; Melinek 
and Booth, 1975; Pauls, 1977, 1980). The evacuation studies have 
placed most emphasis on movement down' staircases. It is possible that 
part of the delay time occurs between an alarm sounding and the beginn­
ing of an evacuation (see Seeger and John, 1980) and that in a real fire 
the delay could be even greater or be of a different nature where 
ambiguous information precedes clear knowledge of a fire threat. The 
’recognition’ stage and initial movement prior to escape or reaching a 
protected escape route have been consistently ignored in the carrying- 
capacity research.
(U) MODELLING OF PEOPLES.MOVEMENTS. AND ESCAPE ROUTE. DESIGNS':
COMPUTER SIMULATIONS
In the late 1970s developments in ’modelling’ the relationships between 
components in engineering problems began to be applied to the potential 
relationship between the development of a fire, the people present and 
the building environment.. There have been two parallel developments (l) 
to apply techniques such as ’fault tree analysis’ used in engineering 
at least conceptually to issues of fire safety and in doing so, to 
develop overall ’models’ ..representing the full range of physical and 
human components in a fire situation. Examination of the overall model 
is an aid to establishing what constitutes an ’acceptable’ level of fire 
safety (see Marchant, 1976, 1980; Beard, 1980). (2) to represent and 
test ’models’ of the interrelationship between people and building layouts: 
to-establish people’s ’likelihood of escaping’ based on computer simulations 
of fire events (Francis ana Saunders, 1979; Stahl, 1977, 1978, 1979, 1980 
a, b). Clearly, there is a considerable overlap between the two approaches
and what begins as a notional model used to establish acceptable.risk 
needs to be eventually validated and modified in the light of research 
findings. Since Stahl has been most prolific in the articulation and 
development of a computer model of ’emergency egress behaviour’ during 
fires,it is his work which is considered primarily in this section. It 
should be noted however, that in all of the work on modelling there has been 
a primary concern with providing architects and designers with tools with 
which to evaluate alternative building designs.
A good example of this is a technique developed by Berlin (1980) for 
evaluating the- ’emergency escape potential’ of'designs. The technique
is used to calculate the number of ’directed escape routes' both initially 
and during various stages of a fire spread as the opportunities for escape 
change. A ’route’ is defined as a.sequence of connected rooms ending, 
with a designated location of safety. Berlin is concerned primarily 
with the ability of occupants to escape once a fire has been detected.
The layout of the Beverly Hills Supper Club in Southgate, Kentucky in 
which a serious fire occurred in 1977 (see following section) has been 
used by Berlin to illustrate the technique. The floor plan, and accompanying 
’escape graph’ show the possible escape routes from the different locations. 
The number-of directed escape routes from the locations at different 
stages of the fire and effect of ’blocking’ particular..locations, thereby 
reducing the number of escape routes from any one location, are calculated. 
Once again despite the utility the technique has for assessing potential 
designs, no account is taken of other social-psychological factors which 
might influence the behaviour in a real life fire.
Stahl in a number of papers is critical of the reliability of much 
of the existing research on peoples behaviour in fires in -which the 
research has primarily involved asking people what they did after the 
event (see following section). Without introducing the research at 
this stage it is worth questioning whether the research techniques 
and computer simulations Stahl offers, as an alternative to more 
direct research of behaviour in fires, are likely to be more valid.
In his- criticisms of the previous research on escape behaviour, (in 
particular the carrying-capacity and ’survey’ research) Stahl adheres 
very much to the notion that research which does not involve strict 
'experimental’ principles (in particular ’control’ samples of people 
not undergoing the experimental condition being studied), is likely 
to be invalid (see Stahl and Archea, 197?). Stahl in fact labels 
the 'carrying capacity’ research as ’quasi-experimental’ in this 
respect - although in another paper Stahl (1978)' does advocate the 
utility of field experimentation, based, on quasi-experimental designs 
where the normal experimental conditions in laboratory experimentation 
are not possible (see Campbell and Stanley,. 1963 and following Chapter 
1+). Stahl (1978) describes three possible experimental designs. These 
involve studying attitudes and preconceptions about what individuals 
feel they would do in an emergency (as well as existing knowledge of 
exit routes/safety equipment). His assumption that monitoring and 
asking individuals what they would do, tell one more about reactions 
in a real fire than asking people directly what they did in a fire, 
seems questionable and is a theme addressed more fully, in the next Section 
and Chapter k. Certainly, research in social psychology has generally
shown a mismatch between expressed 'attitudes' about what people feel 
they would do and actually do in reality as the often quoted study by 
Lapiere (193^) bas demonstrated. .Research examining attitudes 
to fires has proved to be problematic (see Matthews 1975).
An important way to validate any computer simulation of escape behaviour 
should be to relate it. to research findings. What is most frustrating 
for Stahl and others concerned with the implications of research findings 
for design is the apparent lack of attention in social science research 
(whether in the laboratory or in survey/interview research) to the 
relationship, between people and the physical setting of the building in 
which, a. fire..takes place. Stahl (1979) explains that his computer 'model . 
of egress behaviour’ is derived from an ’information processing’ model of 
human behaviour (p.2).
"Accordingly ^ a building occupant moves about through an 
architectural environment as a result of movement decisions 
he makes during some period of time. A particular path of 
travel results from a Tchain1 of movement decisions. Each 
incremental decision is derived through a process in which 
the individual interprets information he has gathered in 
light of his unique movement objectives”.
What Stahl is concerned with primarily in his BFIRES computer simulation 
is a means for testing safety policies and in particular evaluating 'the 
life-safety potential of alternative building schemes prior to construction’ 
(Stahl 1977)* His aim is the development of ’performance’ as opposed to 
’prescriptive’-based fire safety provisions. The BFIRES simulation outcomes 
(or dependent variables) include the occupants ’escape scores’ and total 
number of spatial.displacements (’steps'). The escape score is the ratio 
of time required for escape from a particular location versus the total
length of the simulated event. The number of steps made by an occupant 
and the extent of deviation from the minimum number of steps actually 
required are used as indicators of 'egress path directness and complexity1. 
Other related measures can be derived for e.g.: the total number of
occupants escaping the floor by the end of an event of arbitrarily
selected length, difference between initial and final distance from a 
safe exit.
The BFIRES simulation is sensitive to variations in parameters 'of 
immediate interest to designers and regulators’ i.e. the independent 
variables which can be 'fed into’ the simulation. These parameters include: 
(a) floor- plan configuration (b) occupants1 initial spatial locations
(c) impairments to occupants’ mobility (d) occupants’ familiarity with 
the building layout and. (e.) permissible levels of occupant density. The 
user can ’define’ a number of factors (descriptors’) relating to the 
fire, occupants, building and general operation of the computer run 
(system descriptors or rules e.g. length of the run). There are limits 
on these 'descriptors’• for e.g. the current version of BFIRES (Stahl 1979)
permits the user to devise only the initial spatial location of the fire
not the spread of smoke and/or flames.
There are also subroutines relating to the 'social environment through which 
an occupant gathers certain information necessary to deciding on an exit 
to use’ (Stahl, 1977 p 12) Stahl labels these subroutines GROUP, OTHERS 
and AGREE under the heading of ’consensus exit of choice’. Stahl suggests 
in operation of the programme that where a difference of opinion exists 
as to the best exit from a space, a consensus will have the effect of
winning all occupants over to the majority view-. All the occupants 
will then seek the same exit. Stahl points out that the literature 
on human behaviour in fires provides no guidance on the nature of exit 
choice behaviour. How therefore does he validate the assumptions about 
escape behaviour made in .the BFIRES computer simulation?
He has made some attempt to relate records of the number of fatalities
for fires occurring in particular building layouts and the’ results 
of a computer simulation of. the events (Stahl 1980). In general the method
to date has been that of ’face validity* - the degree to which the
behaviours generated by the computer accord with ’conventional' wisdom 
or commensense’, i.e. concur with., general knowledge of the actual phenomenon. 
Stahl (1979, 1980) advocates as a possible technique, Turing’s test 
(Turing 1950) in which experts in the fire field would be asked to 
distinguish real fire scenarios from those generated by the computer.
One method of validation Stahl has used is 'sensitivity analysis' 
which examines whether BFIRES is sensitive to variation in a particular 
parameter. .This occurs if, while holding all other parameters values 
constant, a significant difference is found between outcomes from 
simulations run under two. or more different values of test parameters.
In one analysis A (Stahl 1979) involving occupants who were fully 
knowledgeable of the safety location and not 'mobility-impaired’ ,
BFIRES was..found to be sensitive to two environmental parameters: occupant
density, and spatial subdivision. In a second analysis B the two occupant 
based parameters (safe exit location and mobility impairment) were 
investigated and the environmental parameter studied in A held constant.
In this case it was found that BFIRES was sensitive to the occupant 
parameters and.the effects of variation in the environmental parameters 
disappeared.
Stahl, suggests that, this finding-raises an important theoretical question 
very worthy of future investigation: ’Is the likelihood of safe escape
dependent upon the extent of occupants’ mobility, emergency preparedness and 
emergency alert, while not at all dependent on the physical design of 
the building?.’ He points out (Stahl, 1980) that the positive connection 
between occupants familiarity with building layout and the speediness 
and directness of their-escape, found, in the BFIRES simulations, differs 
from the findings of field surveys by Wood (1972) arid Bryan (1977)* As 
it stands, the simulation suggests that occupants unfamiliar with the 
physical layout of the building will not be helped by designs intended 
in building codes to obviate this by providing shorter and more direct 
egress routes.
Earlier discussion of escape behaviour (Chapt.2) suggested that 
’familiarity’ is an issue important, to investigate in research on 
fires . Stahl’s ’information: processing model’ of movement acknowledges 
the importance of a person’s perspective on a fire event by definition.
As he criticises methods for studying:behaviour in fires which rely on 
retrospective interviews and questionnaire so strongly, he is in danger
of rejecting the most direct and valid means of assessing the model of 
escape behaviour which he advocates through the BFIRES computer simulation.
It is only with the recent research of behaviour in fires and disasters 
that there has been a movement away from the 'physical-science model’ 
of escape behaviour. What the BFIRES simulation does is to highlight 
factors relating to escape behaviour which research of fires should be 
addressing itself to. What, therefore, is the current state of field 
research on behaviour in fires and what conclusions can one draw from it 
in terms of the development and testing of a psychological model of 
escape behaviour in fires?-
(5) FIELD RESEARCH OF ESCAPE BEHAVIOUR IE FIRES . “
The first comprehensive research on behaviour in fires was carried out 
by Wood (1972) although one can go back to a conference paper by Bryan 
(1956) for an example of. a case study report on a fire which incorporated 
interviews, with the survivors . Since direct observations of behaviour 
in fires are not possible the main research technique used has been the 
structured questionnaire and/or more loosely structured interview. It is 
clear that just as the research already cited in this chapter has weaknesses: 
in particular the degree to which one can validly assume experimental and 
simulation results or research evacuations apply to behaviour in fires, 
the field research relying on questionnaires/interviews has its own potential 
problems. These are now addressed.
Bryan (1956) examined the pattern of escape behaviour in the Church Oyster 
Roast Fire, Arundel Park Hall, USA. In this fire, roughly 1200 people 
were present. 11 people died and 250 were injured. Bryan examined the
pattern of use of exits and windows on the basis of 6l self-selected 
respondents (5*1% of the population). This paper contrasts with one by 
Stevens (1956) concerned with the fire spread and behaviour in the same 
fire. Steven’s paper describes peoples behaviour without any test of his 
assumptions about ’mass panic’. Bryan found that his respondents did not 
necessarily leave the building by the way they entered.. This may have been 
due in part to the nature of the fire spread and the ground floor building 
layout with^a number of possible exits distributed on either side of 
the hall. Bryan cites the pattern of exit use as ’confirmation of the 
panic’. Unfortunately, the study reflects the assumption that ’panic’ 
occurred without testing it directly (see Sime 1980a). In general, the  ^
paper is descriptive. There is no.detailed statistical analysis of. the 
pattern of behaviour.
The recent research on behaviour in fires can be divided into two categories 
(l) the survey research on fires based on structured questionnaires carried 
out by Wood (1972), Bryan (1977) (2) case studies of individual fires or 
analyses of the behaviour in different types of occupancy (based on a 
limited number of fires) using structured questionnaires or interviews 
(e.g. Abe 1976, Haber 1977, 1980, Best 1977, Lerup et al 1980, Eaelman et al 
1980, Bryan and Dinenno 1979, Bryan et al 1980). These two approaches are 
treated separately in the following discussion.
(a) Survey Research
Wood and Bryan used members of the Fire Brigade and its American counterpart 
the Fire Department to ’interview’ fire survivors. Although the term 
’interview’ is used in the studies, the interview was based on a structured
questionnaire divided into two sections (l) background details concerning 
the building and fire spread (2) the behaviour of the individual in the 
fire. Wood and Bryan took advantage of the fact that the fire authorities 
regularly attend many more fires than could an .individual researcher in 
a short period. In the British study by Wood, 2193 people were interviewed 
by firemen,at 952 fire incidents. In the American survey by Bryan 5$^ 
people were interviewed at 335 incidents.
Since the methodology employed by Wood and Bryan is relevant to the 
development of a research strategy in this thesis some of the details: 
particularly the wording of particular questions, are reserved for more 
focussed, discussion (in chapters  ^and 5)* It is clear in hindsight that
some of the questions used were ambiguous. Since there was no precedent
for research on behaviour in fires it was inevitable that the questions 
used would need subsequent refinement, (see Canter et al 1981). Wood 
was concerned primarily with two themes: evacuation of the building and 
movement through smoke-. Since the research by Wood (1972) later formed 
the basis for his PhD thesis entitled ’Behaviour in Stress: ’People in 
fires’ (1979) and this is the only previous related academic field study 
related to escape behaviour in fires, it is particularly relevant. 
Unfortunately, as he states at the beginning of the thesis, he was not 
able to derive any strict hypothesis from established models or establish 
any clear theoretical framework for-the study. His argument as such (derived 
from literature on human reactions to stress), was that a factor motivating 
behaviour is ’the need for the individual to reduce by whatever means 
available, the level of perceived threat’. This is reflected in an emphasis
in the questionnaire on factors such as how occupants became aware of the
fire, as. well as the location of occupants at the time of ignition, 
first, second and third actions, whether and how occupants moved through 
smoke and left the building.
Bryan presents no clear theoretical model in the summary of his survey 
(Bryan 1977), although he acknowledges that the survey.is based very much 
on Wood's earlier work. In an earlier paper Bryan (1970) makes it clear 
that he favours Withey's threat model of stages in people’s subjective inter­
pretation of a threat which may at first be ambiguous. Unfortunately, it 
is not clear in any of his work that be has tested this model by examining 
peoples subjective interpretation of the event.
Wood and Bryan both covered primarily residential (or domestic) occupancies 
in their surveys:.. Wood (63$), Bryan (80.3$) of the sample. The fact 
that the wording of the questions and the nature of the occupancies 
covered are not always the same makes it difficult to compare the surveys 
in other than broad terms (for example, 20.6$ of buildings in Wood’s survey 
were factories, in Bryan’s: 9*2$). No clear attempt was made to relate 
the behaviour to different types of occupancy, building layout, fire spread 
and this makes it difficult to draw conclusions concerning the pattern 
escape behaviour. Both Wood and Bryan advocate future in depth studies 
of a small sample of incidents or occupancies (see Wood 1979 last paragraph 
of-. Summary, Bryan 1977 last paragraph of report). Thus both authors 
acknowledge the difficulties in making inferences, from ’surveying’ a 
large number of incidents.
In general terms, Wood found three types of reaction to fire: concern with
(l) evacuation of the building either by oneself or with others (2) fire­
fighting (3) warning or alerting others. Although Wood and Bryan examined 
the first, second and. third actions, neither of them examined the sequence 
of actions in any detail i.e. the likelihood of particular acts following 
each other or of people repeating'acts. The problems in interpreting the 
results of the research derive partly from the methodology and partly 
from the type of statistics subsequently applied. For example, much of 
Wood’s research consists of comparisons of pairs of variables rather then 
the possible relationship between a number of variables and a particular 
outcome).
Neither Wood nor Bryan found any clear relationship between familiarity 
with building, layout and. immediately leaving the building,Jout it is difficult 
to draw conclusions from the general wording of their question on this issue. 
Wood asked respondents to indicate ’how familiar are you with the layout of 
the building?(b options). Bryan: ’you are familiar with how many ways out 
of the building?’ (open-ended question) . Although both questionnaires 
contain sections concerned with the building there are many details missing 
concerning the exact layout of the occupancies and the degree to which this 
might have contributed to the pattern and direction of escape behaviour.
There are a number of assumptions in the wording of questions and conclusions 
drawn which are confusing. For example, although both Bryan and Wood 
consider ’panic’ was rare in the fires they researched, like many researchers 
they have had great difficulty in providing an operational measure of 
panic which clearly distinguishes it from any escape behaviour in difficult 
circumstances. Wood (1972 p 93) equates a decision to ’leave the building 
immediately’ with a ’panic-response’. Yet there is not enough information 
about the individual fires covered to establish that the act of immediately
leaving is irrational or inappropriate in the sense that the term panic 
is normally used (see Chapter 2 and Sime 1980a).
Some specific findings from, the surveys suggest potentially 
fruitful areas for further research. Some sex differences were found in 
response to cues. Wood found men more frequently became'first aware of 
the fire’ by seeing flames, hearing shouts, fire alarm, women by seeing 
or smelling smoke, being told. Men. were more likely to .’fight the fire’ , 
women to 'warn.others’.
General information-was gathered concerning the distance people moved when 
leaving, the building and/or moving, through, smoke; for example Bryan found th 
62.7$ of the sample stated, they moved through smoke, k6.k% a greater 
distance than their visibility through smoke-. The actual motives for 
people moving in one direction or another, through smoke or turning back 
in smoke were not examined. Indeed the wording of the questions makes it 
difficult for the researchers to infer anything but that people turn back 
in smoke ’because of the smoke'. The fact that, Bryan adopts the conventional 
notion that smoke is the primary 'determinant' of much of the behaviour is 
reflected in the title of his survey: Bryan 1977: ’Smoke as a Determinant 
of Human Behaviour in Fire Situations'. Since he does not examine 
peoples motives or goals while moving in one direction or another, it is 
difficult to see how he has tested the assumption expressed in the title 
of the text.
The exploratory research by Wood and Bryan certainly is useful in beginning 
to define, through the ’questions’ asked, the nature of peoples behaviour ' 
in fires. Their research has acknowledged the importance of the perspective
of the person involved in a fire situation. In general one can infer from 
the research that the individuals knowledge of a fire, particularly in its 
early stagesyis an important area for future research. What is needed 
however is a more rigorous appraisal of existing assumptions about peoples 
behaviour. This is only possible if the underlying theoretical model of 
behaviour is (a) articulated more explicitly (b) expressed in a form from 
which testable hypotheses/principles can be derived. The greatest weakness 
in the research is the limited attention to peopled behaviour in relation 
to the social and physical setting in which the fire occurs.
(b) Case Studies
In subsequent research Bryan has been much more concerned to relate peoples 
behaviour directly.to the building setting and pattern of fire development. 
This is reflected in a series, of case studies (Bryan and Dinenno 1978, 1979 
a,b, 1980 a,b, Bryan, et al 1980 a,b,c). These studies cover individual 
fires in a multiple.occupancy apartment, a hotel, nursing homes, health 
and hospital facilities. .
In these studies Bryan and his colleagues have adopted a 'mapping' technique 
developed by Lerup (1975) and used by Lerup. himself in case studies of 
nursing home fires (Lerup 1976, Lerup et al 1978’, Lerup et al 1980).
Lerup has tried to characterise the development of a fire by discrete 
phases called 'states' or 'realms' and 'critical events' (changes in 
the course of the fire which mark the termination of one realm and the 
onset of the next). Lerup also classifies the behaviour of the building 
occupants in terms of behavioural 'episodes', such as fire fighting,
escaping. The "beginning and endof each episode is distinguished by 
’decision points’. Fire spread and the movement patterns, of certain 
occupants are superimposed onto sets of floor plans of the buildings, 
each one representing a realm/episode combination. Cartoon drawings 
are also used to illustrate peoples behaviour in relation to the fire 
spread. Although this 'model' of the fire event is a useful way of 
representing the relationship between peoples behaviour and the environ­
ment and there is a logical consistency in the terminology used for the 
fire and behaviour,, there is no test of this relationship in Lerup's 
summary of fires or Bryan's adoption of the same 'technique'. While 
Bryan does use structured questionnaires and quotes from accounts of the 
fire by participants, Lerup's mapping is based on existing anecdotal 
reports of fire events rather than systematic research. There clearly 
is a pattern of 'interaction' between what people do, the fire as it 
develops and the building setting,which is highlighted by the rationale 
underlying Lerup's mapping of people and a fire. The exact nature of 
this relationship has not, however., been examined empirically. Psycho­
logical concepts such as group membership or role and their relation to 
behaviour are not examined,..nor are the consequences of a person1s possibly 
limited knowledge of the fire as it develops, of familiarity with different 
escape routes from the setting, of the location of other people at the time.
In other words, inferences are made about- people’s behaviour which are 
logically consistent with the model but not examined directly.
These case studies of fires -give one an idea of what individual participants 
did at particular points in time and the nature and extent of the fire spread. 
It is difficult however, to see how the case studies go far beyond existing
descriptive accounts of fires in newspaper reports and fire journals.
Other case study research on fires has been carried out in Japan by 
Abe (1976) who investigated the behaviour of people in a night-club 
fire in 19^7 in which 179 people were present and 118 died. Abe identified 
the■characteristic patterns of behaviour of those who survived and died.
Of the. survivors he distinguished between (l) staff members who were 
familiar with and therefore used an emergency stairway, (2) newly 
employed waiters who returned to their own familiar rooms, (3) people 
who delayed their recognition of the fire and were situated close to 
windows where they could be rescued. Of those who died some were (l) 
blocked by a dead end corridor, or (2) caught in a 'milling mass of 
people in a central hall'or (3) jumped.' Abe places various, interpretations 
on.the behaviour.referring to the case study in the title of the paper 
as a 'Descriptive research note'. The descriptions are drawn from 
interviews with survivors, rescuers, the fire-brigade, and 'post-disaster 
observations at the scene of the tragedy'.
The qualitative nature of the case study approach (e.g. Haber 1977, 1980) 
has been criticised by Stahl and Archea (1977)* Haber presents a summary 
account of the social organisation and behaviour during fires in a number 
of 'total-care institutions'. In one report (Haber..1977) the 7 fires 
covered include hospitals, nursing homes and a home for the aged .3 of 
these fires are covered in a separate report (Haber 1980). Stahl and 
Archea evidently feel that 'qualitative' research of this kind may mirror 
'biases' of the researcher. While their comments underestimate the insights 
which can be gained by examining different organisations from a sociological 
perspective, (see Haber 1980), it is clear that the case study research
to date has not gone far beyond the descriptive reports of fires which 
already exist. This applies even when related to general ’models1 defining 
the characteristic pattern of behaviour in fires (see Edelman et al 1980).
Certainly, if one examines the recent qualitative research on particular 
fires, one can see that factors which are evidently related to escape 
behaviour such as role in an organisation or household, familiarity with 
escape'routes and knowledge of the fire, are mentioned but not measured or 
examined systematically. Kobayashi and Horiuehi (1980) have begun to 
quantitatively analyse the potential relationship between people with 
particular roles: 6 combinations of occupation and sex, i global categories 
of first action after perceiving fire, and 5 different types of evacuation 
behaviour in a case study of a fire in a 9 floor office building in 
Osaka, Japan. Several patterns of behaviour were over-represented or 
characteristic of particular role groups; these are represented in the 
statistical analysis. In general terms the pattern of response was 
related to position in the hierarchy with certain people in more senior 
positions taking ’responsible actions'. In contrast female office clerks 
were likely to wait for instruction..and guidance before escaping. What 
this research study begins to do is to interrelate a number of factors 
which together characterise the behaviour. It also highlights the care 
which, has to be taken in the selection and definition of variables and 
categories used in an analysis. Unfortunately in all of the field research, 
the justification for the way in which questions have been worded or the 
items selected is not made explicit. It is not clear to what degree 
peoples responses have been forced or how items have been aggregated to 
form more global categories,thereby reducing the number of factors one has.
to statistically analyse. The issue of item selection and subsequent 
statistical analysis is crucial and receives particular attention in 
the following chapter k and subsequent chapters. Kobayashi and Horiuchi 
(1980) present the broad results of their paper with limited reference 
at all to the form of data collection or any theoretical model or hypothesi 
which might be the subject.of' the analysis.
The most comprehensive case study of escape and other coping behaviour in 
a fire to date is that carried out on the Beverley Hills Supper Club fire, 
Kentucky, USA (2.8 May 1977)* The reports by Kentucky State (1977) and 
the National Fire Protection. Association (1977): see Best (1977) are 
based on a data source of 630 interviews and questionnaires filled out by
1117 other people.. An estimated 2U00 to 2800 people were involved in the
fire in which l6i died... The information collected has. formed, the basis 
for a number of papers including that by Berlin (1980) referred to already, 
concerned, with a measure of 'escape potential' from different areas of 
the building complex and,.by Swartz (1979) on the role related behaviour 
of staff.
Again, besides the inclusion of a number of statistical analyses, much of 
the main report, is descriptive* It consists of detailed extracts from the 
interviews. In giving people an idea of the subjective aspects of a fire
experience such personal commentaries are invaluable. Like all of the
studies cited, however, the nature of the interrelationship between the 
people and the physical and social environment was not studied from the 
outset. This is always a potential problem in retrospective field studies 
where the parameters to be tested cannot be controlled by the experimenter.
The research on the Beverly Hills Supper Cluh fire is, however, far in 
advance of the newspaper coverage of the fire which attributed the 
deaths to panic (e.g. headlines in the Sun: ’Panic kills 300'). This 
is in direct contrast to the conclusions of thb. NFPA report which 
attributes the deaths primarily to (a) the functional-weaknesses of 
the building complex itself, which-contributed to the fire spread (b) 
the delay in notifying people in the overcrowded Cabaret room area
. in which all except two people who died were trapped by the fire and 
smoke spread before they could escape via the exits (see Sime 1980a).
The difference between the newspaper- reports and the research show the 
merits of the case study method over anecdotal reporting of fires and, 
the fact that the early stages, of a fire are likely to be very important 
in understanding escape behaviour. The case study research certainly 
gives one a ’feel’ for the interaction between people and the physical 
environment of the fire and building which is lacking from the survey 
as well as other research described in. this chapter. Much of the recent 
field research on fires has been informative but consists largely of 
summary statistics, analyses of simplistic relationships between pairs 
of variables,, or descriptive accounts of fires. The research has been 
exploratory in nature and has not directly evaluated existing assumptions 
about escape behaviour in fires.
CONCLUDING DISCUSSION: IMPLICATIONS FOR RESEARCH ON ESCAPE BEHAVIOUR
IN THIS THESIS
A variety of different methods has been adopted in the research on escape 
behaviour in fires ranging from experiments, simulations, movement (carrying
capacity), studies, computer simulations, retrospective field research. 
In.this chapter these have been considered in terms of £heir relevance 
to the theme, of entrapment. In evaluating the different approaches 
a particular concern has been the degree to which the research (a) 
mirrors how people ’would act’ or ’acted’ in a fire and (b) attempts 
to explain the bahaviour. The latter requires the perspective of the 
individual to be given greater- credibility, rather than dismissed 
in accordance with, a panic scenario or 'physical-science model’ 
of people escaping like moving,. ’non’thinking’ objects. Many of 
the experimental and simulation studies not only ignore the perspec­
tive of the individual; they are artificial and unethical . in nature. 
The movement studies, tend to ignore the individual’s perspective 
and group ties, but do acknowledge the importance of the physical 
environment as a constraint on a person’s ability to reach safety.
The physical area before reaching an exit to a protected stairway 
or a ground floor exit from the building, are the basic entrapment 
locations examined indirectly in the experimental and simulation 
research on escape behaviour. However, there is little information 
in this or the survey and. case study research, which would be of 
.direct relevance to the practical problems faced by architects in 
the design of escape routes.
An area Stahl and Archea (1977) recommend for future research, as 
it has been virtually ignored in the research, is 'access to exit- 
way s , including considerations, of travel distances and spatial 
separation of alternative exits’. This is an area Stahl has begun 
to examine in: his computer simulation. The latter cannot,however, 
completely replace direct research on the actual fire event , in 
spite of its applicability to building design.
None of the research seems to have drawn together the social- 
psychological component of escape behaviour on the one hand and 
the physical constraints of the building setting on the other. It 
is proposed to adopt a.methodology which concentrates on behaviour 
in.fires rather than reactions in an artificially restricted labor­
atory setting or movement studies of pedestrians and evacuations.
In deciding on a research strategy one has to take into account the 
need to ensure as far as possible that retrospective accounts of 
a fire as far. as possible reflect a persons behaviour and experience. 
The field research in this thesis attempts to adopt as far as possible 
the rigour in exposition of research questions and statistical 
analysis characterising 'experimental' research, but seriously 
lacking in the ’descriptive’ field studies to date. In examining 
the degree to which people’s escape behaviour is characterised 
by a tendency towards person and place affiliation the research 
concentrates on the psychological link between the individual
and the. setting. It is this which has been neglected most in previous 
researhh on escape behaviour in fires.
SUMMARY
This chapter has reviewed the literature related directly to escape 
behaviour in fires under a number of headings: (l) experimental research,
(2) simulation research, .(3) carrying-capacity research, (k).computer 
simulations, (5) field research on fires and disasters.. A major problem 
in. research has been the methods employed. The experimental and simulation 
research is characterised by experimental rigour and the systematic 
examination of the parameters assumed to be important in determining the 
pattern.and outcome of escape behaviour. Yet in these experiments the 
perspective of the participants tends to be ignored and the physical and 
social setting may be very different from the constraints of an actual 
fire. The carrying-capacity research while relating peoples movement to 
the physical setting, pays minimal attention to the individual’s perspective 
and understanding of an actual fire, yet is relatively systematic in the 
statistical representation of the pattern of behaviour. The computer 
simulation research has begun to model the interaction between people 
and the physical setting in a way which is potentially useful in under­
standing escape behaviour, yet the assumptions made.(a) have not been 
directly validated (b) can only be validated properly by research on 
behaviour and reactions in a fire. The field research- on fires, due to 
the practical constraints of a fire, has not recorded peoples escape 
behaviour directly, but has. attempted through retrospective methods to 
monitor the behaviour in the setting in which it occurs and take account •
of the perspective and understanding of a fire, situation by fire survivors 
Unfortunately the research has tended to be descriptive, has paid insuf­
ficient attention to the relationship between peoples behaviour and the 
physical and.soc;ial- setting. None of the research to date has attempted 
to model and test assumptions about escape behaviour in the setting in 
which a fire occurs. Thus much of the research, while suggestive remains 
exploratory in nature.
A number of issues have tended to be neglected (l) the relation' between 
escape and other behaviour in fires (notably recognition and investigation 
of cues), (2) between escape behaviour and the physical environment in 
which a fire occurs., (3) individual and group patterns of behaviour 
(JO behaviour viewed, from the perspective of the participants. These 
issues are addressed in the research carried out in. this thesis and in 
contrasting the assumptions underlying the concept of panic and affilia- 
tive model of escape behaviour. The. research strategy employed is 
discussed--in the following chapter.
CHAPTER-k
RESEARCH. STRATEGY : ACCOUNTS METHQDQLOC-Y 
INTRODUCTION
The'term ’accounts methodology' embraces several stages starting 
with the collection of accounts, from individuals of their fire 
experiences , the transformation.of the accounts into a form 
amenable to analysis, through to the account of the research pro­
vided by the researcher.
The methodology and statistics applied.reflect not only the demands 
of the particular research topic, but recent theoretical, methodo­
logical and statistical advances in the social sciences.
An assumption adopted is that in order to understand and explain 
peoples’ behaviour in any social setting it is necessary to 
examine the perspective of the participants. Besides the 
practical constraints which preclude direct observations of 
escape behaviour, there is an existing theoretical rationale which 
justifies obtaining a record of the experience by fire
survivors of fires. If fires were not inherently dangerous and their 
occurrence so unpredictable, the research methods used in this thesis
would have included observations and interviews with fire survivors.
The use of a person's own account of his experiences has been mooted 
recently as an alternative to more traditional techniques in psycho­
logical investigations. The positivist tradition in psychology suggests 
that to be empirical research of people must be based on phenomena which 
can be directly observed, controlled and tested, (as in conventional 
laboratory research). Harrg and Secord (1972) in their book "The 
Explanation of Social Behaviour", suggest that a person is rule-following, 
is capable of plans and direction and aims at deliberate performance, which 
is to say that.a person monitors his behaviour and is also capable of 
monitoring the monitoring. They recommend that we should treat people, 
for the purposes of science,. ’ as if they were human beings, as we know 
and understand them in everyday life' (p. 87) . This approach necessitates 
gaining access to a person's own feelings,, conceptions and perceptions 
of his experience, which may be done: best, according to Harrs and Secord, 
via the reports that the person himself gives of these events. Fundamental, 
to the philosophy of 311 accounts methodology is the recognition that 
people can and do comment on their experiences and that these commentaries 
are acceptable as scientific data. Although Harre and Secord do not 
outline the form an accounts methodology could take (see p. 295), the 
detailed theoretical exposition of the nature of social ’episodes' and 
acceptability of accounts,as a source of information on people’s involve­
ment in an event, provides a useful starting point for the subject of the 
present thesis. The notion that social interaction consists of a series 
of social 'episodes’ has parallels with a fire event which is strictly 
confined in terms of time and physical space.
Harra and Secord refer to three types of episode: formal episodes in
which there are explicit rules for the sequence and types of action 
performed (eg. a marriage), causal episodes (the traditional model for 
psychology, in which reference is made to physiological, chemical or 
physical mechanisms in accounting for behaviour), enigmatic episodes 
(which Harre and.Secord consider properly characterise social episodes).
A fire can be viewed as- an event with a potential overlap between these 
three types of episode. Formal rules exist, for the evacuation of a 
building. The. spread and direction of the fire is under the control of 
physical determinants such as materials in the building. The actual 
escape behaviour may be determined both by informal rules (e.g. factors 
such as knowledge of escape routes, customary behaviour, social role) 
and the physical, constraints of the encroaching fire spread. In trying 
to represent and explain escape behaviour it.is considered to be essential 
to understand, the subjective reality of the fire situation for the 
individual (e.g. knowledge of exits available), rather than simply the 
objective reality (e.g. number of exits available).
The accounts of fire experiences used as the basis of the research reported
in this thesis differ from the more structured questionnaires used in the
surveys by Wood (1972) .and Bryan (1977)* In this previous research many
of the questions were more structured than in the accounts. The latter
allow one to examine in greater detail the perspective of individual
fire survivors. The studies reported in this thesis rely much more on
case studies of individual fires than in the previous survey research by
Wood and Bryan, (see previous chapter). In this way the behaviour can (a) be
related much more closely to the particular social and physical setting
of a ..fire (b) be examined in relation to the affiliative model of escape 
behaviour.'
The use. of open-ended data often faces the criticism of being unreliable. 
and difficult to validate. The stance taken here is that these terns 
are inappropriate in the context of account data. The alternative con­
cepts of ’authenticity* and ’attestability' are adopted here. Authenticity 
relates to the corroborative support for an account either from artefacts, 
from, its internal consistency or cross-reference to other sources of 
information. It is modelled on principles of evidence and witness 
statements. Underlying any checks on the authenticity of an account.is 
the criterion of objective/subjective reality, that is the degree to 
which an account must mirror the objective reality or reflect the 
perceived reality. In most psychological, studies using accounts the latter 
will be of primary interest . It may also be important to establish what 
individuals did as far..as possible through the accounts if there is no. 
other source of information on this. Attestability is taken as the degree 
to which the researcher has made explicit his methods and distinguishes 
his interpretation of events from those of his informants, such that the 
academic community can scrutinize and evaluate the legitimacy of the 
findings.
Within the demands of attestability it is important that the researcher 
should be able to demonstrate, first the degree to which the accounts are 
authentic, second by what means the investigator has transformed, 
analysed and reported the findings, and third that the final account 
of the accounts has remained faithful to the original accounts.
An account is akin to what Allport (19^2) calls a personal document:
’Any self-revealing record that intentionally or unintentionally yields 
information regarding the structure, dynamics and functions of the author’s
mental life!. It is argued here that as long as an account is consistent 
with the demands of authenticity and attestability it is not necessary 
for it to have been collected originally for research purposes. Two 
main sources of information on behaviour in fires are used in the present 
thesis (l) retrospective accounts of fire experiences collected by the 
researcher (2) existing witness statements collected by the police after 
large-scale fires. By making use of the latter it was possible to obtain 
details of escape behaviour in a much more comprehensive fashion than 
would have been possible for the individual researcher. After large- 
scale fires the police in Britain often interview the fire survivors.
These interviews are normally conducted immediately after the fire.
Although interviews were conducted by the present researcher as a 
source, of subsequent analyses presented in this thesis, there were 
sometimes practical and legal problems in approaching fire survivors, 
immediately after fires in which people had been killed. This is not a 
problem for the police who can approach fire survivors in their official 
capacity. The witness statements used as a source of data in a number of 
the studies in this thesis provide a detailed and rich source of information 
on people’s behaviour which has been untapped prior to this present research.
Although the witness statements were collected as part of police investi­
gations, the methods used to collect the statements and record the interviews 
have many parallels with the accounts collected by the researcher. In 
each case the account consists of a detailed summary of what the individual 
did from the moment he or she became aware there was anything wrong until 
the fire was over and the individual was out of. the building. The actual, 
collection of witness statements is consistent with the adversary or’legal 
model for scientific investigation and presentation of the research results
favoured in an accounts methodology (see Levine 197**} Warr 19719 Brown 
and Sime 1981). Although details of the way in which the witness state­
ments were collected are not available there are explicit rules for the 
collection of statements by the police which are highly consistent with an 
accounts methodology. These rules (Home Office 196*+) state that:
"Whenever a polvce officer writes the statement he shall 
take down the exact words spoken hy the person making the 
statement without putting any questions other than such 
as may be needed to make the statement coherent, intelli­
gible and relevant- to the material matters
While one cannot be assured that witness statements are in 
reality consistently gathered in this
way, the moderate degree of guidance characterising the collection of 
accounts in the research (see below) is paralleled in the rules for the 
collection of witness statements.
The principle adopted in the research is that the individual is the 
primary authority on his own actions and experience. This is in keeping 
with Allport (l9*+2) who stressed that we should assume that people give 
an honest account, as they do in everyday life, rather than subscribe to 
the belief that people usually lie and distort. In general, one would 
expect the personal accounts of fires provided in police witness statements 
to be (a) an authentic record of what an individual did (b) to contain a 
number of facts of interest to the researcher e.g. group membership, 
location of the individual at different points in the fire. Where there 
is'most likely to be some distortion, or a potential mismatch between the 
subjective and objective reality of the situation, is in an individual’s 
comments on and description of other peoples behaviour. Potential 
inaccuracies in witnessing incidents have been the subject of a number of
references (e.g. Whipple 1909, Hayward 1963, Trankell 1972). The importance 
of not asking leading questions in collecting eye-witness reports has been 
stressed by Marquis et al (1972), Loftus (1975)- There also exists a 
considerable literature under the heading of ’causal attributions' on 
the different degrees of responsibility an individual (as ’actor’) is 
likely to admit to,, or (as ’observer’) attribute to others, (e.g. Jones 
et al 1972, Kelley 1973, Bradley 1978)*
The way in which an account interview is conducted and subsequent checks 
made on the internal and external consistency of accounts is important 
(see Trankell-1972). The primary concern in the present thesis is however, 
with the individuals record of what he or she did as opposed to observations 
of other peoples behaviour. The main difference in content between the 
accounts collected in the research and the witness statements is in the 
greater attention in the former to the reasons why an individual carried 
out particular actions. Thus in the interview accounts individuals 
generally qualified their statements about what they did at any point 
by explaining why#generally without prompting and this was recorded 
(e.g. constraints of the fire, goal at a certain point). Differences 
in content of this kind, as shall be seen, do not detract from the form 
of the particular analyses carried on the different data sources.
The witness statements, as existing documents are consistent with the 
demands of authenticity and attestability considered to be important in 
assessing the acceptability of the accounts.
Table *1.1 summarises the research operations involved in the accounts 
methodology. Included are a number of stages (l) selection of informants 
(2) the accounting stage (3) transformation and analysis of the accounts
Table **.1 Research operation for Accounts 
(from Brown and Sime 1981)
Research strategy Contrpl procedure
1. INFORMANTS
Definition of episode and role groups 
representing domain of interest 
Identification of exemplars
Selection of individual 
informants
2. ACCOUNT GATHERING 
SITUATION 
Establishing venue 
Recording the account
Controlling relevance of account 
Authenticating account 
Establishing role of interviewer and 
interviewee
Post account authentication
3. TRANSFORMATION OF 
ACCOUNTS
Provision of working documents 
Data reduction techniques
4. RESEARCHERS’ ACCOUNTS 
Account of the account — summary, 
overview, interpretation
rationale for choice of episode and role 
groups
degree of involvement of potential 
informants
contact with individuals to establish 
motive for participation, competence 
and performance
contextual effects of venue 
appropriateness and accuracy in 
documenting account 
accounts agenda
negotiation and internal consistency 
degree of direction
corroboration
transcription reliability; coder reliability 
appropriateness of statistical and content 
analyses
description of research operations, 
explanatory scheme and theoretical 
background
{k) the researcher's account. At each stage there are control procedures 
for checking the acceptability of the information gathered and processed; 
see Brown and Sime (1981) for more details.
SELECTION OF INFORMANTS
The main concern of the research was to obtain detailed accounts from 
fire survivors in a-range of occupancy types. Of particular interest 
were fires' ’ involving potential entrapment and .in which there
were alternative escape routes. During the course of research by the 
Fire Research Unit, University of Surrey, of which the author was a 
member (between 1975~198l), a range of.fires was monitored. Contacts 
were made with a number of county fire brigades in the South-East of 
England- Over a period, of about 3 years (1975-1978) the author received 
regular daily information on household fires (also hotel and 
hospital fires) mainly in the Surrey and London areas of the U.K. In 
addition close contacts were kept with the E. Sussex Fire Brigade and 
police following a serious hotel fire early in 1976. It was not possible 
to gain access directly to people involved in this fire since a number of 
people were,, killed and the fire survivors were being treated as police 
witnesses. Following a court case later in the year permission was given 
to examine the witness statements collected by the police immediately 
after the fire. In fact, the police interviewed all of the survivors of 
the building on fire, individually in a nearby building immediately after 
their escape. It was the comprehensive and detailed nature of these 
statements, the promptness of the interviews and the resources available 
to the police enabling them to contact everyone involved^ which alerted 
the author to the possibility of using police witness statements as one 
source of information on escape behaviour in fires.
At about the same time as the hotel fire occurred, some 500 witness 
statements collected after the Summerland Fire, Isle of Man 1973, became 
available to the Fire Research Unit. This was a large-scale fire in 
which approximately 3,000 people were present and 50 died. The appeal 
of the fire in terms of the focus of this thesis was in the large numbers 
of accounts from fire survivors and the fact that the circumstances of 
the fire characterised the kind of entrapment situation which has been 
the basis of studies of 'panic* behaviour in the experimental research 
(see Chapter 3)• The numbers of statements collected from the fire 
survivors far exceeded those which could have been collected promptly 
after a fire by the individual researcher. What is more, the nature of 
the witness statements was consistent with many of the criteria considered 
important; in the collection of accounts of fires by the researcher: namely, 
that each informant should be (l) directly involved in the fires i.e. 
had.beeji. in the building at the time the fire broke out, (2) competent 
enough to give a detailed account.
As in the fire research, accounts were also collected from people less 
directly involved e.g. firemen, bystanders or neighbours who had not 
entered the building. These accounts provided very useful background 
information and together with other evidence e.g. records of damage to 
the building, served as a check on the authenticity of the accounts in 
terms of the individuals understanding of the unfolding circumstances of 
the event (subjective reality). Objective factors, such as pattern of fire 
spread, actual as opposed to assumed location of other people, including 
family members (objective reality), could also be examined through 
comparison between accounts ’(’concordance': one of the criteria of
'external corroboration ' discussed by Brown and Sime, 1981).
Accounts which were internally inconsistent, or contained serious gaps 
in the information required for.-.'further statistical analysis,were rare.
In these cases, they were excluded from subsequent analysis. Although 
the 'motive for participation' might be different for people approached 
by a police officer as opposed to the researcher, this, was not considered 
to seriously influence the authenticity of the accounts. The actual 
'representativeness' of the fires studied is an issue which relates in 
part to the aims of the research and decision to concentrate on case study 
material in much greater detail than it possible in experimental 
or survey research. The availability of architectural plans for a 
number of the buildings studied provided an additional source of infor­
mation on. the physical environment,,which was incorporated in a number of 
the statistical analyses.
ACCOUNT GATHERING SITUATION '
While the subsequent analyses of escape, behaviour based on police witness 
statements cover a hotel and holiday leisure complex,,the interviews 
conducted by the researcher and analysed in this thesis cover a range 
of domestic fires. In this case the setting for the interviews was 
normally the informant's home--, Unlike the structured questionnaires used 
by Wood (1972) and Bryan (1977)sin which firemen actually 'interviewed' 
fire survivors, the interviews were intentionally relatively open-ended 
in nature. Marquis et al (1972) outline degrees of guidance in an interview, 
that is free report, moderate guidance, high guidance, multiple choice 
and leading questions. A moderate degree of guidance was usually necessary 
in the interviews conducted. The interviews were normally conducted 
within a few days of the fires; (the range of fires selected for study 
are considered in the following chapter 5)*
The aim of the interview was to obtain an account by the individual of 
what he or she did. Individuals were, instructed to recount exactly 
what happened from the moment they realised anything was wrong until 
the fire was over. Care was taken during the interview not to give the 
participant the idea that the researcher had any clear prior knowledge 
of the event from other sources. The early parts of the accounts were 
characteristically monologues. The researcher interrupted the 
individual, as little as possible.. He adopted the role of someone who was 
a spectator to the unfolding'drama of the event, but who remained 
impartial as far as possible. Once the interview was formally over then 
he could offer reassurance and sympathy. A number of account agenda 
themes to be covered by the interview was determined beforehand.
Account Agenda
Recognition of fire 
Sequence of actions 
Location of occupant at each stage
Perception of situation (including other people*s behaviour 
and location, physical circumstances of fire, time estimates) 
Related past experience 
Role of person
In general these themes were covered in the course of. the account with 
little prompting by the researcher. If not covered in the initial narrative 
the researcher asked the informant to elaborate on what happened. Gaps in 
information or apparent contradictions if any, were also covered by 
subsequent questions. In general there was a considerable amount of
consensus among individuals involved in the same fire. Every attempt 
was made to contact and interview everyone directly involved in a single 
fire. In some cases if the individual was less articulate (or reticent) 
a greater amount of prompting was necessary. In the domestic fire sample 
interviews were refused in only 3 cases (generally because the individuals 
were upset or had evidently contributed to people being potentially hurt). 
Care was taken to stress the confidentiality of accounts collected and 
explain the aim- of the research* (This in the context of the Fire Research 
Unit was to collect information on people’s behaviour for feedback to 
building regulations and to fill existing gaps in current knowledge of 
what happens in fires).
The majority of interviews reported in this thesis were conducted by the 
author. A number were conducted by his colleague in the Fire Research 
Unit (J Breaux). Informants were.interviewed individually except in 
several instances where a husband and wife wanted to be interviewed in 
each others presence.
The accounts were nearly always tape-recorded with a small unobtrusive 
Sony tape-recorder. In a f.ew-.cases individuals objected and the interview 
was recorded in writing. Although, some researchers (e.g. Corbin 1971) 
might consider a tape-recorder inhibits an informant, the advantages of 
the tape-recorder in providing a detailed record of the account were 
considered to far outweighsthe difficulties involved in note-taking.
Indeed in the present context one would concur with Newson and Newson 
(1976) who write of the advantages of using a tape-recorder* It allows 
the interviewer to concentrate on and obtain a complete record of the 
interviewees responses.
TRANSFORMATION OF ACCOUNTS
The first stage in the transformation of accounts was represented by the 
taped accounts, being typed verbatim. Checks were made to ensure that the 
accounts were not being edited in the process of.being typed. Thus, 
although there was some tendency for the two typists involved to edit 
out incidental expressions such as 'urn' or ’ah' and there were problems 
with a few accounts due to the quality of recording and/or inarticulate 
nature of the informant, the typed transcripts constituted an accurate 
visual record of the account. In a few cases the account was typed more 
than once or the account excluded from further anlaysis where it was not 
possible to obtain.a clear transcript. . ; -• ■ -
The typed transcription meant that the accounts could be more 
easily referred to and coded than the tapes. The typed accounts were 
now in a form comparable with the typed transcripts of the police witness 
statements. These transcripts form the basic record of what each 
individual did in the,fires studied.
I
The next stage in the transformation of the accounts involved the coding 
of the transcripts into categories amenable to statistical analysis. In 
coding the interview accounts 3 coders were used (see Chapter 5)- Subsequent 
coding, based on a broad range of variables and categories related to the 
focus of the research on the affiliative model, was carried out by the 
author. There were two main steps in coding: first the definition of 
act categories or variables and categories of interest, second frequency 
counts across sets of transcripts indicating the number of individuals
engaging in particular acts at different stages, characterised by
the particular variables and categories included in the coding scheme.
Later chapters provide clear definitions of particular categories used 
in the coding of the transcripts. The details will be reserved until 
then. The main task in the initial transformation of the accounts has 
been comparable with the task, in fields of biology and zoology of 
providing numerical taxonomies and subsequently examining the inter­
relationship between the categories in. the taxonomies. In terms of the 
continuous stream of behaviour or experience in the form of accounts, 
the task of breaking down, the narrative into smaller units is comparable 
with research in which video tapes of social interaction or animal 
behaviour in ethological studies have been coded into 'meaningful' units.
(see Breaux 1977)* Technically the problem of the coding of the trans­
cripts touches . upon the distinction between etic and eTn-f r perspectives 
(Pike 195**)* The emic perspective encompasses the respondent's view of 
what is meaningful as well as his motives. The etic view concerns what 
the researcher considers important. The pattern of coding in the different 
studies reported reflects an emphasis on the perspective of the informant, 
but also factors which the ■ affiliative model of escape
behaviour'suggests are important. As far as possible, the coding schemes 
used have avoided a priori assumptions about'what the person was doing and why.
In the past loosely structured interviews have often been used qualitatively 
to illustrate a researcher's argument. The final discussion is sprinkled 
with quotes from individuals. The research is essentially descriptive 
although summary statistics may be used for theoretical generalisations 
(e.g. Newson and Newson 1976). Allport (19**2) suggests that personal
documents such as autobiographies are at the illustrative end of an 
induction - illustration continuum. Similarly, the researcher may 
cite examples from accounts to illustrate theories he is developing 
rather than treating the test inductively.
Carney’s (1972) description (in qualitative terms) of 'theoretically 
oriented' inferential content analysis is comparable with the more 
inductive way in which the accounts have been coded. Multivariate 
statistics have been applied in the present research. In carrying out 
statistical and content analyses of this kind there is inevitably some 
form of ’reduction' of the individuals account of his experience and 
aggregation across individuals. In this way it is possible to represent 
and examine the factors which characterise the pattern of escape behaviour • 
in the ..fires.- studied. Although the statistics cannot capture the full 
drama of the individual narrative (or indeed the original experience), 
the coding; of the accounts, form of analysis and subsequent arguments 
by the researcher have as far as possible remained faithful to the 
perspective of the people directly involved in the fires.
The actual form of coding is considered in subsequent chapters. Multi­
variate statistics have been used as a means of coding the 
accounts into representative categories and:subsequently;analysing the 
interrelationships between factors potentially influencing the pattern 
of escape behaviour. Since many of these statistics reflect recent 
developments in the analysis of categorical data, the principles upon 
which they are based are broadly outlined in Appendix 1.
The final stage in the research operation for accounts (see table b.l and 
Brown and Sime 1981) is the researcher's account of the ’account of the 
accounts’ in which the research is summarised i.e. the results of the 
statistical analyses and. conclusions are drawn in relation to the previous 
literature and theoretical model tested. The remainder of the thesis is 
concerned with presenting the results of a series of complementary 
studies of escape behaviour in fires carried out (chapters 5 to 9)*
Each of these chapters includes its own discussion of the results.
The: subsequent summary-chapter 10 evaluates the overall ...
implications of the research..
SUMMARY
In this chapter the general research strategy adopted in the thesis was 
described. Experimental and field based simulations of fire entrapment 
situations were rejected as less appropriate in terms of present knowledge 
than an ’accounts methodology’ . The particular research strategy involved 
in the accounts methodology was described together!with its theoretical 
rationale. Stages of the accounts methodology were described namely 
the selection of informants, account gathering, transformation of accounts; 
together with the criteria of ’authenticity1 and ’attestability’ considered 
appropriate for judging the acceptability of accounts. The use of police 
witness statements as a source of information on behaviour in fires was 
discussed. Both the accounts collected by the researcher and the witness 
statements are considered consistent with the ’legal’ model for research.
CHAPTER 5
ESCAPE BEHAVIOUR ITT DOMESTIC FIRES : AN ACT SEQUENCE ANALYSIS 
INTRODUCTION
The first study carried out is of the behaviour of Ul individuals 
in lb domestic fires in•buildings up to three storeys in height.
By using accounts collected from individuals as a data source (see 
Chapter b) it is possible to collect and analyse information 
about, peoples behaviour in much more detail than has been the case 
in the past. The rationale adopted is that escape behaviour should 
be studied within the context of the full sequence of acts in a. 
fire. Research cited in Chapter 3 (Latane and Darley, 1968; Wood, 
1982) suggested the importance of studying the early ’recognition' 
stage, of a fire. One could; well envisage a situation in which the 
nature of a persons reaction, to a ’cue' and coping strategy (e.g. 
fight fire, warn-others). contribute to his or her . ability to 
subsequently escape to safety. Within the framework of the 
’affiliative’ model of flight behaviour (see Chapter 2), it-is 
important to consider the degree to which people searching for other 
individuals revert to earlier actions, e.g.: investigate, escape,
reinvestigate. Wood (1972, 1979, 198l) has suggested that individuals 
who re-enter a house after escape may have reassessed their original 
judgment as to the degree of risk in doing so.
The majority of fires studies by Wood (1972) and Bryan (1977) 
were residential (i.e. domestic) property (Wood, 63%, Bryan 80.3%)
This is consistent with the preponderance of fires in dwellings
as opposed to other building and occupancy types (United Kingdom,
1972, Fire-and Loss-Statistics). Recent statistics indicate that
the majority of deaths and casualties in Great. Britain and USA 
occur in households. (Chandler, 1970, 1977, United Kingdom, 1972,
Buchb inder, 19 75)•
Legislation covering aspects of the building structure is not applied 
generally to the low rise domestic property in which many individuals 
live. Attempts are being made in the USA to introduce legislation 
requiring fire detection systems in households. The existing legis­
lation differs from. State to State (Gallagher, 197*+)* In general 
guidance is available for householders, but this is limited mainly 
to prevention of a fire (Great Britain, 1973). Recently, the 
importance of a family escape plan (Anon, 1977) preplanning (Otto- 
.son, 1975) and escape planning (O’Neill, 197*0 have been stressed.
The advice offered, however, has not been linked directly to syste­
matic research of peoples' behaviour in domestic fires.
Research efforts in the past have been directed mainly towards the 
cause of the household fires (Crossman and Zachary, 197*+; United 
Kingdom, 1972; Buchbinder, 197*+) rather than behaviour occurring 
during the fire. Research has been concerned with the materials and 
building structures contributing to a rapid fire spread in households 
(Savage and Robinson, 1977; Taylor, 197*+) and with the ignitability 
of various clothing fabrics. Safety instructions and advice in this 
and other occupancy types tend to be based on what Breaux (1979) 
refers to as strong hazard knowledge and weak information about those 
people for whom the advice is intended. The study described places
greater emphasis on people’s perception and interpretation of an 
event in an attempt to explain the escape behaviour.
SELECTION OF FIRES
The first stage in the research strategy (see Chapter U) was to
select a number of fires to study. Fires selected for study were
generally considered to be ’fires of interest' in that they had 
occurred, in a building or occupancy type to be covered, people were 
involved and they were relatively serious fires. A number of less 
serious fires were included in'.the sample for comparison. The 
decision to concentrate on occupancies of' three storeys or less 
above ground level was influenced by the nature of the buildings in 
which fires occur. Fewer small-scale households are in taller build­
ings. In addition, existing legislation (Fire Precautions Act 1971) 
states that in buildings such, as hotels with more than three floors 
above ground level at least two stairways are: required. Two main
criteria have been adopted, therefore, in the selection of fires
(i) type of occupancy, (2) number of floors. The focus is on 
buildings not covered by existing legislation. Clearly, one 
potential outcome of research examining the nature of peoples 
behaviour could be to develop more sophisticated criteria for dis­
tinguishing between occupancies. The decision as to whether or in 
what way the fires studied were ’representative’ would depend on a 
range of environmental and social, psychological criteria which have 
not as yet been defined for domestic property. The research study 
described is not assumed to be a large-scale representative statistical 
sample of fires occurring in. Britain. In this sense the research has 
a different role from a larger statistical survey or standard fire 
statistics.
The first requirement was to identify property where a fire had 
recently occurred. Local and national newspapers were used as one 
source of information. . .
The main sources were the lists of fires 
provided by a number of County Fire Brigades in the South-East of 
England made available to the author while a member of the Fire 
Research Unit (University of Surrey). Most of the fires studied 
occurred in Surrey or London from which regular lists of fires were 
normally available within twenty-four hours of a fire occurring.
These lists included details of the address, FB equipment deployed, 
injuries and rescues if any. Geographical proximity and the 'avail­
ability' of fires during the period, of study (October 1975-July 1977) 
were practical constraints on their, selection. In general, a range 
of fires were covered as indicated, by a number of general criteria 
such as extent of fire damage, number of storeys, type of household, 
e.g. family or multi-occupancy. These criteria, together with 
frequency distributions for the 1*+ fires are listed in Appendix. 2, Tab 
5.1. Additional information concerning the physical setting in which 
the fires occurred (e.g.. photographs and plans can be found in 
Sime, et al 1979)* Photographs P5*l and P5.2 (Appendix 2) give an 
idea of the type of properties involved. These were mostly semi­
detached or terraced houses of one or two storeys above ground 
level.
SELECTION OF INFORMANTS AND ACCOUNT GATHERING
The term ' L o c a l i t y the informant' was adopted, that is his 
ability to provide an account as a function of his position or degree 
of involvement in the process or event being studied. Every effort 
was made to collect an account of the fire from all of those people 
directly involved. Where it was found that there was only peripheral 
involvement (e.g. a neighbour who rang the Fire Brigade (FB) but did 
not attempt to enter the house on fire) then this account was excluded 
from the subsequent data analysis.
Individuals were contacted, at home as soon as possible after:-the fire 
was over. Practical constraints meant that interviews were not carried 
out usually until the following day or within several days of the 
fire. With three exceptions it was possible to obtain accounts of 
the fire from all key informants. As much information as possible 
was obtained about the behaviour of individuals not represented in the 
sample (for example if they had died in the fire). Background inter­
views were carried out with firemen who attended a number of the 
fires.
Details of the account gathering procedure can be found in the 
previous chapter. Of the *+1 informants providing accounts which were 
subsequently analysed, 31 were interviewed by the author, 9 by one 
fellow researcher, 1 by another researcher (in the Fire Research Unit, 
University of Surrey). Up to six individuals from any one fire were 
interviewed (see Table 511). The same accounts agenda was used in 
each case and methods of recording the account (see Chapter *+). Of
the *+1 informants, 28 could be classed as occupants of the house in 
which the fire broke out, 13 as neighbours, 23 were males, 18 females,
(l*+ were male and 1*+ female occupants, 9 were male and *+ female 
neighbours).
-TRANSFORMATION OF THE ACCOUNTS
The first task of the analysis was to develop an 'act dictionary' 
from the typed manuscripts of the accounts (see Chapter *+). This 
act dictionary would represent the range of acts engaged in by the 
informants. The main problem was to decide on a suitable 'level of 
organisation' to use in comparing people's accounts, i.e. a valid 
definition of the 'behavioural unit’; Breaux (1977).; Three coders listed 
distinct 'acts' and units of 'experience’ occurring in the set of *+1 
interview transcripts. One of. the coders was the researcher himself, 
another his colleague, the third an independent coder.
Three hundred and two distinct 'acts' were, listed by the coders.
This constitutes dictionary.1, a full-list of which can be found in 
Sime, et al, (1979). These 'acts' were transcribed'onto individual 
cards, then sorted by each of the coders into piles (or classes of 
act) which they felt were similar. Analysis of the agreement between 
the three coders produced a set of *+9 act classes (dictionary 2). The 
individual transcripts were then coded into act sequences using the *+9
act dictionary. The act sequences were again derived on the basis of 
the agreement between coders.
Analyses were carried out on the overall frequencies of acts (for 
different role groups) using the *+9 act dictionary 2. These analyses 
and the dictionary itself are presented after the analysis of act 
sequences which forms the focus of the research reported in this 
chapter.
For the purposes of the sequential analysis, dictionary 2 had to be 
reduced in size once more. The frequencies within the transition 
frequency matrix were then large enough to permit analysis. This 
reduction or aggregation of act categories was based on the frequency 
of particular acts and their logical similarity. The individual act 
sequences using the *+9 act dictionary were converted into a corres­
ponding 25 act dictionary 3 (Table 5-2). The numbers of acts recorded 
using the *i9 and 25 act dictionaries were therefore identical. The 
'level' of organisation' in the coding was not appreciably altered.
A total of 1189 separate acts was recorded.
The dictionary encompasses sensory, emotive and.deductive responses 
as well as executive acts. The immediate goals of particular acts 
are covered at this 'intermediate' level. Thus, the act of 'opening 
a door' could be coded in a number of ways depending on the context 
(e.g., 6, 11, 12, 15, 16, 19 or 21).
The final 'stage of transformation of the accounts prior to the 
analysis of act sequences was for the researcher to record in a
Table 5.2
DOMESTIC ACT DICTTONARY (25 ACTS)
(OVERALL f r e q u e n c y )
PRE-EVENT ACTIONS 42
PERCEIVE CUE (AMBIGUOUS) 76
PERCEIVE/ENCOUNTER SMOKE OR FIRE
(u n a m b i g u o u s )
78
MISINTERPRET/IGNORE CUE 38
RECEIVE WARNING/INFORMATION 89
SEARCH FOR PEOPLE IN SMOKE 36
OBSERVE RESCUE ATTEMPT 19
i n s t r u c t / r e a s s u r e 56
FEEL CALM/UNCONCERNED 11
FEEL FRIGHTENED/CONCERNED 49
STRUGGLE WITH ENVIRONMENT (e .g , FIRE
e q u i p m e n t )
13
INVESTIGATE 76
PREVENTION OF FIRE SPREAD 45
WAIT FOR PERSON/INDIRECT INVOLVEMENT 49
RESCUE 42
GO t o / e n t e r  HOUSE 52
DRESS/FETCH BELONGINGS 20
FIGHT FIRE . 47
LEAVE/EVASIVE 84
ENCOUNTER DIFFICULTIES IN SMOKE 77
ENTER AREA (ROOM)' OF FIRE ORIGIN 35
WARN OTHERS (OR TELEPHONE) 41
r e s c u e d / a s s i s t e d  OUT 17
ENCOUNTER FIRE BRIGADE 45
LEAVE HOUSE 52
TOTAL NUMBER OF ACTS 1189
transition matrix the frequency with which acts followed each other 
for the sample of bl people. This matrix together with the results 
of the statistical analyses carried out on the act transitions and 
overall frequencies of act are now presented.
RESULTS
'(1) OVERALL ACT DECOMPOSITION
Table 5*3 presents the transition frequency matrix based on the 25 
act dictionary and the.total number 1189 acts recorded for the ^1 
individuals. The act decomposition derived from this matrix appears 
in Figure 5*1* Included in. the. decomposition are (a) an equivalence 
class (for a cluster of acts 2, U, 5 and 12 just as likely to 
precede as to follow each other) (b) q values against the arrows 
indicating the main links between acts (for the sake of 
continuity between acts and.interpretability of the main‘sequences 
a number of values below the q ^  1.85 5 % significance level have
been included), (c) numbers with solid inner circles around them 
indicating acts which were statistically over-represented; these are 
based on conversion of the row totals in the transition matrix into a 
set of Z scores evaluated in terms of the normal distribution. The 
strength of the q.transitions and Z scores is confirmed by reference 
back to the transition frequency matrix. For example, act 1 was most 
often followed by act 2: frequency of 27 in the top left corner of
the matrix (Table 5*3) • This is reflected in the high q value of 
9.8U. Acts occurring with Z scores of ^1.96 (i.e. significant at 5$
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level) were acts 2, 3, 5, 8, 12, 19, 20 which is reflected in the 
row totals of Table 5-3*
The main focus of the act decomposition is the sequence of actions.
The decomposition should be ’read* from top to bottom. Thus as one 
might expect the action at the top of the decomposition is the pre­
event activity or action.engaged in prior to the individual becoming 
aware of a 'cue' (i.e. an indication of something being different 
or wrong). The asterisk * at the bottom of the decomposition repre­
sents the eventual state of 1 equilibrium' to which the various 
behavioural paths lead. (For further clarification of this analysis 
and the terms used see the explanation and references cited in '
Appendix 1.
The main transitions and. therefore path or sequence of acts for the 
people in the fires are now summarised. The interpretations put on 
the transitions are aided by knowledge of the original account trans­
cripts from which case study descriptions of each of the lU fires 
were derived in addition to the individual act sequences (see Sime, 
et al, 1979)* The act decomposition indicates that:
1. Individuals were most likely to be interrupted in their pre-event act­
ivity by hearing strange noises, e.g. knocking or being alerted 
by a smell in some cases): q = 9-8U). It was less
likely for the individual in this sample to be alerted by the smoke 
or fire itself first ( GXD q = 1.3^). If this happened, 
the existence of a fire was perceived as less, ambiguous and investigative 
- activity was less likely to occur.
2. The main sequence GXD leads into the equivalence class 
which includes © © ©  and. (l2) . It was most likely that 
following perception of an ambiguous cue ©  individuals would 
misinterpret (or .even ignore) this ( © H ©  q = 6.26). If 
the cue persisted or other cues became apparent (e.g. hear shouting 
and smell burning) the individual was likely to investigate
( © h K ©  q = 5.81) . These are the major links within this
equivalence class. Sometimes the decision to investigate was 
preceded by an instruction from someone else present or the person 
was informed by someone who had returned from investigating.
Act class 5 follows itself ( dKD q = 2.^5) indicating 
interaction (i.e. discussion) between people. The q values for the 
transitions between ® < 5 > © M ©  do not reach a significant 
level of q 5*1..85 "but have been taken as a minimum level for 
inclusion in an equivalence class in the analysis. Essentially, this 
equivalence class reflects a state of uncertainty or ambiguity 
which preceded knowledge of the fire's existence, clarified by
A
investigation and.discussion with anyone immediately present.
3. Once the individual decided to investigate he or she was likely 
to encounter smoke ( ©KD q = 8.88). This might be preceded
by dressing ( (lT)-”^ 12) q = 1.79) • If smoke was not encountered
it was most likely that by the time investigation took place the fire 
was still confined to one room. In this case the link © H ©  was 
preceded "by the individual entering the room of fire origin ( © K
I©) ) q. = 3.13) where smoke and the fire itself was encountered
( ( 2 W T )  11 = 2 . 2 k ) .
U. -Act class follows itself (a = 2.12). This reflects movement
through smoke in which the individual might he motivated to find the 
origin of the fire or check on its severity before taking further 
action. Behaviour variability increases after (T) with each of the 
transitions reflecting lower q.values. This means that a prominent 
path from cannot be specified. There are a number of possibilities
which reflect a divergence of behaviour by males and females at this 
point. The differences in behaviour by the 23 males and 18 females 
in the sample are summarised in.the following section which includes 
separate act decompositions for the two sub-samples- Some of the 
variability is likely to be due to differences in behaviour by the 
28 occupants and 13 neighbours. Reference will also be made to this 
further distinction, between ’role’ groups. (The small number of 
neighbours in the sample precludes a separate act decomposition of the 
neighbours with q transitions). For the moment the mean , paths between 
acts in Figure 5.1 are described without specific reference to the 
role groups.
5- One path begins with Act class Q_8) which follows itself (q = 
3.58). This reflects the circular activity of fetching and filling 
buckets of water as well as the. fire-fighting itself. This preceded 
a series of difficulties within the room of fire origin. ( (2^-^(20) 
q “ 1.3^, ^£)"K20) q = 1.J9. If the individual persisted in
trying to get through the smoke ( (20)-^20) q = 3.58), it was likely
to be connected with a rescue attempt a = 1.79). The
main sequence following this is clearer. The individual was forced 
to leave the room or smoke-filled area ( (20VW19) q = 3 .90) .
6.. - Another, transition is between act © * ©  indicating that on 
encountering and investigating the smoke/fire some individuals felt 
particularly concerned for the safety of others in the house. Al­
though there is no prominent transition from act L^O), for some 
individuals, it led to an. alternative sequence of acts to the fight 
fire path. This involved leaving the room of fire origin and going 
to warn others present in the house or telephoning the Fire Brigade 
(S) , then waiting for the other person involved in fire fighting 
to return ^5) This was followed by being informed or instructed 
c ( g K j )  q = 2.68).whereupon the person was'most likely to'leave
the immediate area.(i.e. * evasive action*) ( q = 1-72).
7. Following initial evasive action, (leaving the ’fire area’) 
people were highly likely to leave the house (5)— ^^25) q = 1^.3.
Act' class (2^ ) includes movement in transit prior to leaving the 
house ( q=^  U. h-7) • Movement to a neighbour' s house or
back to the house on fire is also reflected in the transition
a= U.^7). People informed of the fire sometimes 
reassured and instructed ( GXD q = 1.3^). If a person entered 
or reentered the house on fire it might be to look for someone in the 
smoke ©  . If the fire was serious a rescue might be attempted.
In this case there was likely to be thick smoke and the person was 
eventually forced to leave the house ^ re vas
at all.serious, people were usually out of the house by the time the 
Fire Brigade arrived ( q = U.U7). Prior to the Fire
Brigade arrival, however, there was sometimes movement in and out of 
the house by certain individuals. The reasons for this varied (e.g. 
checking the state of the fire, fire fighting, warning others or
rescue by occupant or neighbour).
To clarify both consistencies and divergence in the behavioural 
paths further an analysis was carried out of the behaviour by 
males and females in the sample.
(2) BEHAVIOUR OF MALES AND FEMALES .
(a) Act Decompositions
Since the overall number of acts for each of the subsamples was 
smaller than for the overall sample of N = 1189 acts (~23 males: H =
656 acts, 18 females:. N = 533 acts) some of the a scores for act
transitions are somewhat lower than in the overall decomposition.
For the sake of clarity and continuity a number of q scores < 1 . 8 5  
(i.e. %  significance level) have been included. Figures 5.2 and.
5.3, the act decompositions for males and females respectively, there­
fore serve- as a general rather than conclusive summary of the 
main transitions. Once again, acts occurring with a higher frequency 
(as measured by their Z scores) are indicated by the solid inner 
circles.
The predominant sequence of behaviour for males (Figure 5*2), following 
pre-event activity, included being alerted to ambiguous ones: typi­
cally an unusual noise, followed by the misinterpretation (or ignoring) 
of cues which characterised the overall sample. Males were then most 
likely to investigate, encounter smoke or flames, engage in fire 
fighting, then be forced back by smoke. The predominant sequence was

(2)^>(2)^2)3(£)^(l2H^ The Act class
(20) forced back by smoke, is also preceded by entering'the house 
for rescue (15) This characterises behaviour by male neighbours.
(see subsquent section).
Figure 5*3 reveals a similar pattern of. investigation by females, but 
females differed in their initial response to ambiguous acts which 
they were less likely to misinterpret. In fact, the response of 
females to investigate was sometimes preceded by instructions from a 
male if present. Some of the accounts indicate this instruction 
could be to ignore a cue; equivalence .class dXD After invest 
tigating and encountering the smoke or fire itself, females were 
likely to experience concern ^3) warn others, or telephone (0) 
while the male (usually a husband in this sample) tackled the fire. 
Once females left the house they were most likely to go to a neigh­
bour's house for assistance. A characteristic sequence was 
{^)~^2)~^(l2)—>^3^— £*(22)— — ^ 9 )-" Comparison
of (a) characteristic sequences for males and females (b) the overall 
decomposition helps to explain some of the variability in behaviour 
reflected in the overall act decomposition in Figure 5-1. It is also 
interesting to note where there are consistencies in response between 
males and females, e.g. in being alerted first' by ambiguous cues 
(although interpreting this differently), investigating, encountering 
and being forced back by smoke.
(b) Comuarison of Act Frequencies
The differences and similarities in behaviour by males and females
are clarified by a detailed analysis of the overall act frequencies 
for the samples based on the more detailed k9 act dictionary 2.
Table 5-^ presents the results of an analysis of the difference 
between the frequency of a particular act as a proportion of the total 
number of acts engaged in by the two groups of people. This is based 
on conversion of the proportions into Z scores using the following 
formula: -
PI - P2 
Z - ___ ____,____________
PI (1-PI) + P-2 (1-P2)
HI + N2
Here, PI = proportion of females engaging in a particular act (e.-g. 
for act 1, 19/533 = 0.36). P2 = proportion of males. The z pro­
vides a statistical test of the difference between two proportions 
which can then be evaluated against the Z or standard normal dis­
tribution.
Table 5. 5 lists each of the U9 acts against the smaller 25 act 
dictionary used in the transition analysis. This clarifies table 5.^ ' 
and at the same time.provides an indication of the frequencies and 
subcategories of the 25 act dictionary. Table 5»>^  shows those acts 
with a significant difference at the 1% and 5% levels. Because of 
the number of comparisons it was decided to consider those significantly 
different at the 1% level as strictly acceptable. Those significant 
at 5% are included, however, since they help to clarify the act decom-
TABLE 5-b
Frequency and Proportion of 
Total Activity ( ) for Each of
49 Act Classes in Domestic Fires
Females versus Males
Act
Class Females Males
• Act 
Class Females Males
1 19(.036) 23(.035) ©  26 3(.006) 22(.034)
•  2 13(.024) 28(.043) 27 18(.034) 15(.023)
3 5 (.009) 7(.011) 28 18(.034) 30(.046)
•  4 6(.011) 17(.026) 29 16(.030) 19(.029)
5 8(.015) 7(.011) 30 18(.034) 17(.026)
6 8(.015) 12(.018) ©  31 25(.047) 9(.014)
0  7 37 (.069) 36(.055) 32 13(.024) 16(.024)
*  8 3(.006) 15(.023) 33 5 (.009) 5(.008)
•  9 12 (.023) 3(.005) © 3 4 2(.004) 13(.020)
10 12 (.023) 19(.029) 35 4(-008) 4(.006)
0  ii 17 (.032) 34(.052) 36 2(.004) 4(.006)
0  12 10 (.019) 6(.009) 37 5(.009) 2(.003)
13 2(.004) 3(.005) • 38 1(.002) 1(.002)
14 5(.009) 6(.009) 39 5(.009) 8(.012)
©  15 12(.023) 4 (.006) 40 3(.006) 9(.014) '
16 6(.011) 9(.014) 41 3(.006) 1(.002)
©  17 11(.021) 5(.008) 42 20 (..038) 25(.038)
18 3(.006) 5(.008) 0  43 1(.002) 5(.008)
19 34 (.064) 42(.064) 0  44 8(.015) 4(.006)
20 3(.006) 3(.005) 0  45 12(.023) 7(.011)
•  21 201.038) 7(.011) 46 23(.043) 29(.044)
0  22 14(.026) 28(.043) 47 4(.008) 1(.002)
23 15(.028) 25(.038) 48 19(.036) 32(.049)
24 7(.013) 13 (.020) ©  49 16(.030) 6{.009)
25 7(.013) 15(.023) 533 656 =N
©  = Significant difference between proportions at "1% level 
( O  = a t : 5% level. - See text).
Table 5.5- 25 ACT DICTIONARY
as combined from 49 Act Dictionary
number
(1-49) ency
1. Pre-event actions (1) 42
2. Perception of stimulus (ambiguous) (2) 40
Alerted/awoken (ambiguous) (6) 20
Note behaviour of others (ambiguous) (9) 16
3. Perception of stimulus (associated with fire (3) 12
Note fire (development) (10) 31
Encounter smoke (29) 35
4. Interpretation (incorrect) (4) 23
Disregard/ignore prior stimulus (5) 15
5. Receive warning/information/instruction (7) 73
Ask advice/request information (12) 16
6. Search for people (in smoke) (8) 18
Encounter person in smoke (40) 12
Check state of victim (43) 6
7. Observe rescue attempt (45) ' 19
8. Advise/instruct/reassure (11) 51
Note agitated state of person (13) 5
9. Feel calm/unconcerned (14) 11
10. Experience negative feelings (15) 16
Experience uncertainty (16) 15
Feel concern about occupants (17) 16
Request assistance (urgent) (38) 2
11. Fire equipment faulty/unable to work (18) 8
Struggle with environment (47) 5
12. Seek information/investigate (19) 76
13. Realise door to fire area open (20) 6
Prevention of fire spread (32) 29
Ensure accessibility (33) 10
14 • Indirect involvement in activity (21) 27
Wait for person/action to be completed (49) 22
15. Rescue (22) 42
16. Go/gain access to house with fire (23) 40
Go to neighbours house (44) 12
Overall
frequency
42
76
78
38
89
36
19
56
11
49
13
76
45
49
42
52
17. (Pre/post): dressing, fetch belorgings etc. (24) 20 20
18.
19.
20.
21.
22.
23.
24.
25.
Act Class Fre- Overall
number quencv fre-
(1-49) quency
Fetch things to fight fire with 
Fight fire
Evasive
Leave immediate area
Forced back by/breathing difficulties 
due to smoke/flames
Cope with smoke 
Struggle through smoke 
Injured
(25)
(26)
(27)
(48)
(28)
(34)
(35)
(36)
22 ) 
25 )
33 ) 
51 )
48 ) 
15 ) 
8 ) 
6 )
47
84
77
Pass through/enter fire area
(investigate etc.)
Warn
Phone for assistance
Rescued/assisted 
Rescued from window
Note/wait for fire brigade arrival
Enter area of minimal risk
(30)
(31) 
(37)
(39)
(41)
(42) 
(46)
35
(34)) 
:(7))
(13))
(4))
(45)
(52)
35
41
17
45
52
TOTAL NUMBER OF ACTS = 1,189
Differences at the 1% level are printed in capitals, at the 5% 
level in lower case in the following summary of Table 5.^*
MALES MORE THAN FEMALES:
PERCEPTION OF AMBIGUOUS-STIMULUS (2), MISINTERPRET STIMULUS (.2),
SEARCH FOR PEOPLE IN SMOKE (8), FIGHT FIRE (26), COPE WITH SMOKE (3*0,
Advise, Instruct, Reassure (ll), Rescue (22), Check state of
/
victim (U3).
FEMALES MORE . THAN MALES :
NOTE AMBIGUOUS BEHAVIOUR.OF'OTHERS (9), EXPERIENCE NEGATIVE FEELINGS 
(15), FEEL CONCERN ABOUT OCCUPANTS (IT), INDIRECT INVOLVEMENT IN 
ACTIVITY. (21), WARN OTHERS (31), WAIT FOR PERSON/ACTION TO BE 
COMPLETED (1+9).
Receive warning,, information, instruction (7), Ask advice/request 
information. (12), go to neighbours house (UL-), Observe rescue attempts 
(U5).
The major differences seem to be in initial reactions to ambiguous cues 
and the behaviour following, investigation. The higher frequency for 
males of perception of ambiguous cues. (2) and misinterpretation of 
cues (U) reflects the fact that women.were more likely to interpret 
noises and smells as personally threatening or relevant. While males 
and females both ignored cues to some degree, males were more likely 
to delay taking action until an ambiguous cue had persisted or there 
were a combination of cues (e.g. shouting and a smell of smoke). In 
addition males, who were more likely to search for people (8) and 
cope with the smoke (3^0, might have paid more attention to sensory
cues_in doing so. Most of the ambiguous cues in act class (2) 
refer, however, to cues experienced prior to discovery of the fire.
In the process of investigating males might misinterpret a series of 
cues. Females were more likely to attend to the ambiguous behaviour 
of others (9) (e.g. person running).
Females were more likely to experience negative feelings (15) and feel 
concern about the safety of occupants (7) and warn others (31). The 
sequential analysis showed this concern to be linked to discovery 
of the fire or smoke and affiliative behaviour which followed this 
e.g. fetching members of. the family, seeking assistance. While it 
could be argued that females were more likely to admit having 
experienced fear-and concern at this point, their subsequent behaviour 
fits in with their account of the fire experience.
Other significant differences suggest the supportive role of 
females after investigation. This is reflected in their indirect 
involvement in activities (21) (e.g. watching fire-fighting) and 
waiting for a person (e.g. husband) to return (49). Males were more 
likely to be involved directly in fire-fighting (25). But both males 
and females were involved in fetching and filling buckets or containers 
with water (25). Sometimes the husband might stay in the room of fire 
origin while his wife fetched water. The higher frequency of coping 
with smoke (34) by males was related to their fire-fighting activity 
and searching for people in the smoke (8).
Other differences at a lower level of significance support the 
findings already summarised. Males were more likely to attempt a
rescue (22) and. check the state of a victim (U3) - The latter 
normally occured during rescue activity. Females were more likely 
to stand observing a rescue from outside the house (^ -5) and to go 
to a neighbour's house for assistance or ask them to telephone the 
Fire Brigade .
Of seven people who telephoned for assistance (37) in the sample 
five were female and two male. This difference is slightly outside 
the 5% level. However, most of the female neighbours who rang for 
Fire Brigade assistance were not included in the sample. This was 
often the extent of their involvement in the fire. Males were more 
likely to advise, instruct and reassure (ll), females to be informed 
or instructed (7) and to ask advice or request information (12).
These differences reflect the characteristic interaction between 
males and females, in the domestic fires.
(c) Occupants and Neighbours
A further role group distinction is possible between the 28 occupants 
and 13 neighbours in the sample. As the number of acts for the 
neighbours (N - 366) meant low or zero frequencies appeared in a 
transition matrix for this subsample, separate act decompositions are 
not presented. It is worth noting, however, that an act decomposition 
for the 28 occupants (Sime, et al, 1979) provided even clearer 
support for the following sequence of initial misinterpretation of 
ambiguous cues followed by investigation
In particular occupants invariably entered the room of
fire origin © - 0  (q. = 2.2b) where they encountered the
fire or smoke @-KD (q. = 2.2b). In addition, those who
struggled in.the smoke tended to do so following attempts at fire 
fighting. The characteristic sequence for the neighbours involved 
investigation and going to the house on fire. If the neighbour 
entered the house it was most likely with the intention of searching 
for an occupant who was in danger. Once there the neighbour was 
likely to encounter difficulties in smoke. Occupants were more 
likely to actually enter the.room, of fire origin since they were 
alerted to the fire at an earlier stage than the neighbours. The latter 
would encounter the smoke elsewhere. However, people investigating 
the source of cues (e.g. ambiguous noises) did not necessarily 
think there was a.fire. For example, some occupants thought there 
might be a burglar.
Table 5-6 lists the predominant acts (as indicated by Z scores) 
for particular role combinations. From this table it can be seen 
that the male occupants were most likely to fight the fire and male 
neighbours, to be involved in rescue. Female occupants, unlike the 
other role groups, were likely to warn others (or seek help). Female 
neighbours (who form a small proportion of the sample) were less 
likely to actually enter the house on fire. These differences un-. 
doubtedly contributed to the variability (i.e. lower act transitions) 
in the overall decomposition following peoples direct encounter with 
-or disoovery of the fire.
Table 5.6 ACT CLASSES WITH SIGNIFICANT Z SCORES (IN 25 ACT DICTIONARY)
(111) M- OCCUPANTS (397) (9) M. NEIGHBOURS (260)
2. perception of cues (ambiguous) 2. perception of cues (ambiguous)
3.' see/encounter smoke 5. informed/warned.
. 5. informe d/warned 8. instruct/reassure
12.; investigate 12. investigate
18. fight fire 15.
16.
rescue
go to neighbours/enter house 
with fire
19 • evasive 19. leave immediate area (evasive)
20*. encounter difficulties in;smoke 20. encounter difficulties in smoke)
(Ik) F. OCCUPANTS. (U06) (k) F. NEIGHBOURS (126)
2. perception of cues (ambiguous) 2. perception of cues (ambiguous)
3. see/encounter smoke i 3. see/encounter smoke
5. informed/warned 5. informed/warned
10. experience negative feelings
12. investigate
Ik. wait for person 16. go to neighbours/enter house 
with fire
19. evasive 19. leave immediate area
22. ■warn others 25. leave house
(d) Movement Index (M.l)
An additional measure -was recorded for peoples physical movement.
This' was based on the number of moves from 'one physical area of 
a building to another'. It was not possible to obtain scale plans 
for many of the houses.. Therefore it proved difficult to obtain a 
scale measure of distance moved. A measure of 'moves' would reduce 
differences in distance moved which, might be attributable to the 
different scale of particular houses (e.g. size of room, length of 
corridor, etc.). A 'physical, area' implies a physically contained 
space: a room, corridor, or the exterior space between one house
and another. As the number of individuals in the neighbour group 
was small compared.with the occupants, a comparison using the movement 
index (M.l) was restricted to males and females.
The number of moves for individuals ranged from 3 to 20 for males
(3, h,. V  V ' 5 ’ 5’ 6’ 7’ 7’ 7’ 7’ 7’ 7’ 8’ 9’ lls 12’ 12’ lU’ 165
18, 20) 0 - 2 2  for females (0,1, 3, U, k 9 U, k, k, 6, 8, 8, 10, 11, 
11, 12, 13, 175 22). A Mann-Whitney U test found no difference in the 
amount of movement of the two role groups (Siegel, 1956): (M-'W)
U = 23^.5, converted to Z =0.71, a 2-tail probability p = 0.U8.
(not significant at p <0.5)* Thus, it was not the amount of move­
ment by those directly involved in the fires which differentiated 
males and females, but the nature of some of the acts engaged in.
3. FREQUENCY. DISTRIBUTION OF ACTS AT DIFFERENT STAGES OF THE FIRES
Having examined differences in the pattern of behaviour attributable 
to particular role groups, it is worth considering in a general sense 
in what way the activity was.constrained by the physical constraints
of the fire and smoke spread. The overall act decomposition illus­
trates that a major consistency exists in the limited range of 
acts in the early stage of a fire. At this point individuals were 
invariably alerted to and responded, similarly to ambiguous ones, 
often delaying doing anything but invariably investigating once the 
cues persisted, or other cues were noticed. The final, stage of a fire, 
after individuals had encountered the smoke and flames,, invariably 
led to escape behaviour . (unless the individual succeeded in putting 
the fire out).. The underlying constraints of the fire on behaviour 
are reflected in the dynamic nature of the sequential analysis. This 
is made clearer still by reference to the frequency distribution
of acts for the individuals in the sample.
Table 5- 7?rather like a histogram,represents.the frequency distri­
bution of acts people engaged in for the first 13 and last 5 positions 
of individual act sequences. To make the sequence for individuals 
comparable the number of acts covered had to be limited. The number 
of acts for .individuals varied from 13 to 69 acts (average of 29).
Two people engaging in less than 13 acts have been omitted. This 
accounts for the N = 39 (rather than kl) in the sample. The act 
category coding at the top of Table 5-7 is not the same as in the 
25 act dictionary or constant from one position in the act sequence
Table 5.7 Frequency distribution of acts in domestic fires:
Number of acts engaged in by 39 people at each 
position in individual act sequences (first 13 and 
last 5 acts)
RANGE OF ACT CATEGORIES
12 3 4 5 5 7 8 9 10 11 12 13 14 15 
First ■, 3g- - - - - - - - - - - - - - - - - - - - - - - - - - - - -
13n ? 27 7 3 2Po s i t i o n s
in Act 3 4 2 1 5 4 1 2 6 1 1 1 2
Sequence 4 12 2 6 5 1 9 1 1 2
5 2 8 6 4 3 1 6 1 1  1 1 1 1 1 2
6 1 5 7 2 3 1 6  2 1  1 5 2 1  1 1
7 3 4 2 4 2 5 9 3 1  1 2 2 1
8 1 3 9 1 4 3 4 2 1 1  3 3 2 2
9 2 8 1 2 6 4 3 4 2 1 1 2 1 1 1
10 4 7 2 2 2 3 2 2 3 1 4 2 5
11 1 4 3 6 2 1 3 3 5  1 5 2: 1 2
12 2 3 1 6 1 2 1 3  3 2 2 3 3 6 1
13 2 3 2 3 1 2 1 4 2 2 7 4 3 3 '
li) 2 3 3 5 9 2 2 4 2 5 1 1 ,
Last 15 2 7 2 3 4 4 2 1 4  4 2 4
5 16 5 5 5 1 1 1 14 2 1 2 2
17 2 2 4  1. 3 8 4 1  14
18 1 3 1 24 10
to another.(Thus, for example, act category 1 = ’pre-event activity’
at position 1 signifies a different act at position 10). What Table 
5*7 shows in a different form.from the overall act decomposition 
(Figure 5*1), is the small range of acts at the beginning (the 
’recognition and investigation stage) and the larger number by about 
the fifth act, often equivalent to the point when.the fire/smoke was 
directly encountered and a range of options were possible such as 
fight fire, warn others or seek help. This variability in acts 
engaged in evidently persisted as people adopted alternative ’coping’ 
strategies or considered, different priorities were important (e.g. 
warn others.,, ring the Fire Brigade, fight fire). This behaviour 
is likely to have depended in part on who else was present or acce­
ssible. Finally, a limited number of options were possible once the 
fire/smoke became at all. serious. It was at this point that indivi­
duals were likely to be directly concerned with evasive action. The 
reduction in options is reflected in the decrease in range of acts 
for the last 5 'positions' in peoples act sequences in Table 5-7 and- 
in the overall act decomposition (Figure 5-l) in which the predominant 
act transitions at the end of the fire episode were @H>(25)-K25)— *  
® * 0  i.e. escape from the house.
DISCUSSION
The results indicate that across the set of domestic fires and 
individuals in the sample, there was a very consistent pattern of 
behaviour involving in chronological order: initial response to
ambiguous cues, investigation, a direct encounter with the smoke/fire,
(either in the room of fire origin or outside this room), a range of 
alternative actions including warning others, ringing the Fire 
Brigade, going to neighbours, fire-fighting, rescue and finally 
escape from the house.
In terms of the nature and variability in response one can define the 
behaviour (and its relation to the fire spread) in terms of'three 
stages: Recognition, Coping Behaviour, Escape. The main sequences
of action have been- revealed by the transition frequency analysis. Much 
of the variability in behaviour.(particularly after individuals directly 
encountered the fire) is attributable to role differences, in particular 
whether an individual was male, female, occupant or neighbour: In
general both males and females were involved in investigative behaviour? 
males were more, likely to fight the fire and be involved in rescue, 
females to warn others.. Females, also provided a supportive role; (for 
example, although less likely to fight the fire, they were just as 
likely to fetch things to fight the fire). The presence and accessi­
bility of other people clearly had a bearing on the behaviour. This 
is reflected in the act categories in the act decompositions relating 
to 'discussion1 between individuals present, particularly in the early 
stage of recognition.
The sequential analysis carried out is considered to have considerable 
advantages over the lists of percentages and simplistic pairwise analyses 
variables in previous surveys of fires (Wood, 1972; Bryan, 1977)- Tbe 
analyses of overall frequencies of acts (e.g. for different role 
groups) has only been carried out in the present study as an aid to 
-interpreting details of the act sequences'. .Wood and Bryan concentrated
on the first three acts following discovery of the fire. The 
present study accommodates the full sequence of behaviour for 
individuals in the sample. The accounts methodology and act 
dictionary are considered to be a more accurate means by which to 
understand the perspective of individuals involved in the fires 
than through the previous structured questionnaires. Indeed, a number 
of problems in comparing the results of the transition analysis with 
the earlier survey results arise not simply out of the different 
statistics used, but weaknesses in the definition of acts previously 
used. It has already been pointed out that investigation following 
’ambiguous’ cues (and initial misinterpretation particularly by males) 
is an important and. highly consistent feature of the current analysis. 
Both Wood and Bryan examined different types of 'cue' to the existence 
of a fire, i.e. whether- ambiguous or unambiguous. However, they failed 
to distinguish between being aware of something being different or 
wrong, i.e. an ambiguous cue, and knowing there is a fire. This is 
reflected both in the way their question is structured (i.e. how did 
you first become aware there is a fire?) and the subsequent categories 
“of act used to describe behaviour. Bryan, in particular, does not 
have an 'investigate' act category. His 'search for fire' category is 
confusing since it suggests that in investigating, an individual 
always has prior knowledge of the fire. This may well account in 
part for the fact that the previous survey studies found investigation 
to be one of a number of alternative 'first' actions following ambiguous 
cues, such as 'warn others' and fight fire. A higher proportion of 
the sample may have also been closer to the fire origin.in these 
earlier studies. 66 per cent of people were described as being 'within 
-20 ft. by (Bryan, 1977) and &±% 'on the same floor' Wood (1977) when
theyjbecame aware of the fire. If occupants are in the same room 
as a fire when it breaks out and it is not clear when this was 
the case in the earlier research, ambiguous cues and investigation 
involving movement-, seem less likely although not impossible. Prox­
imity to the fire of this kind is uncharacteristic of the present 
sample.
This matter of the definition of categories has been discussed in some
detail because it is assumed to be important in assessing the results.
Indeed, it. provides justification for the accounts methodology used
over a questionnaire structured by the researcher. Recent survey
research,, using questions derived after using an.accounts methodology,
has made a* clear distinction between recognition of ambiguous cues
and direct awareness of. a fire. In a survey carried out by Canter, Breaux &
Sime (1981) on a sample of 585 respondents (51.^$ in house fires of
the kind in this study, 23.9% in larger scale multi-occupancy and
flats fires), it was found that 69-2% reported noticing pre-fire
cues s.uch as strange odours, noises, the sight of something unusual.
Of the total sample 286 (k9.h%) investigated cues (usually under the 
assumption that something was wrong, rarely a fire). Others became 
aware of the fire by being told, interrupted by smoke/flames or were 
present when the fire started. The results of the survey support 
the findings of this study, indicating that a fire is experienced as 
a complex rapidly changing event which in its early stages can be 
highly ambiguous.
There was no clear evidence in the study of domestic fires that panic 
occurred and certainly no indication that the panic concept of escape
behaviour might help one to explain the pattern of reaction. What 
is more, it is difficult to see how one could distinguish panic 
(as 'irrational* behaviour attributed to fire victims: see Chapter
2) from a pattern of behaviour influenced by (a) limited knowledge 
of the fire in its early stages (b) the actual constraints of the 
situation, for example the inaccessibility of people in danger, in 
particular children (see Sime, et al 1979)* Some individuals in 
the fires sampled undoubtedly behaved more 'efficiently* or 
'effectively* than, others. However, the main variations in 
behaviour are attributable to amount of knowledge of the fire's 
development and of other, peoples location at different stages and 
the role of the individual. Responses were mediated by the presence 
of other people and their contribution to the fire spread (e.g. 
opening a door to the room. of. fire origin, leaving a window open)
Although this study is to some extent 'exploratory' , in that unlike 
a number of subsequent chapters it is a less direct test of the 
affillative model of escape behaviour, it does provide an idea of 
the major stages in behaviour. It is clear that initial movement out 
of a house cannot necessarily be equated with 'escape' , since' indivi­
duals were sometimes going to neighbours to gain access to a phone.
To equate 'immediately leaving* a house with a panic response as 
Wood (1972) does, is misleading. The presence of other individuals, 
particularly if potentially in danger , .seems to be .an important 
determinant of the direction of movement (particularly in the response 
of the females in the sample to 'warn others' following discovery of the 
fire) . Evidently some of the movement which one would equate with 
'affiliation', i.e. movement towards those to whom one has close
psychological ties overlaps with the conventional notion of escape 
and accounts for people moving back into an area of potential danger 
in these domestic fires.
A number of people have suggested that the provision of safety hardware 
(e.g. fire or smoke detectors) in households cannot be considered 
separately from the reactions.of people (Petajan, 1977; Bryan, 1977)*
In the same way guidance as to what householders should do in the 
event of a. fire undoubtedly has to be linked to a model of escape 
behaviour which accurately reflects peoples reactions. The key 
elements seem to be knowledge of the fire and the presence/accessi­
bility of other individuals as well as the role or identity of the 
person. Official guidance for families in domestic fires includes 
the statement: 'It is essential to see that everybody is safe and
that the Fire Brigade has been called before investigating the fire.' 
(Central Office of Information, 1973). Advice of this kind is evidently 
difficult to follow if there is limited knowledge about the fire and 
people are unlikely to organise an escape until they know there is a 
potential danger.
The present study has concentrated on peoples actions and paid less 
attention to the physical setting. Subsequent research reported in 
this thesis focusses more closely on the interrelationship between 
peoples movement during actual escape and the building layout (e.g. 
location and accessibility of exits). In these studies the actual 
physical environments are less familiar to a number of the people 
than to occupants of the households in which the domestic fires 
occurred.
SUMMARY
An analysis is reported of the sequence of behaviour of hi people 
involved in. ih domestic fires (in. buildings up to three storeys in 
height). Interview accounts collected from the people were coded 
into act sequences, which were then recorded in a transition 
frequency matrix based on a 25 act dictionary. An act decomposition 
for this matrix revealed a characteristic pattern of behaviour 
consisting of a cluster of interrelated acts: noticing ambiguous
cues which were usually misinterpreted or ignored, discussion with any 
one present and. once the cues persisted, investigation after some 
delay.
Investigation invariably led to encountering of smoke, either within 
the room of fire origin or outside this room if the smoke was 
spreading. The variability in behaviour which followed was accounted 
for by separate act. decompositions and a detailed analysis of the 
frequencies of different acts engaged in by the males and females 
in the sample. Besides greater delays in response to ambiguous cues 
by males, they were also more likely to engage in fire fighting, 
while females warned.others and generally provided a ’supportive * 
role. This is reflected in a comparison of the frequency of acts 
engaged in as a proportion of the total activity for males in 
contrast to females (based on a h9 act dictionary). Other differences 
in behaviour are attributable to the lesser degree of involvement 
of neighbours as opposed to occupants , except for rescue behaviour 
which was an act predominantly carried out by male neighbours. An 
index of the number of moves between physical areas (M.l) failed to
reveal differences between males and females. An act frequency
distribution for the range of acts engaged in at different stages of
the fire . extended the act decomposition analysis and indicated
the small range of actions at (l) the Recognition stage, variability
in actions following a direct encounter with the fire during (2)
x
the' Coping activity stage, the constraints on behaviour in the 
final stages of (3) Escape from the fire. People normally left the 
house prior to the Fire Brigade’s, arrival..
The discussion of the results focussed, on the different stages of 
the fire in an attempt to understand the relation between preceding 
actions and final escape. A major problem in previous survey research 
on behaviour in fires has been the definition of acts studied. An 
attempt was made in this chapter to avoid, as far as possible, ’pre­
judging’ ‘ the acts people engaged:in. . The panic scenario of escape 
behaviour appears far less consistent with the results of the analysis, 
than a model which takes into account the limited information avail­
able to people in the early stages of the fire, the interactions 
between the people present and the role related behaviour.
CHAPTER 6
ESCAPE BEHAVIOUR IN A HOTEL FIRE : DISTANCE AND DIRECTION OF 
MOVEMENTS
INTRODUCTION
The previous chapter concentrated on behaviour in domestic 
occupancies in buildings up to three storeys in height. This 
chapter concentrates on an hotel consisting of a basement, ground 
floor and four upper storeys. As such it is covered by the criterion 
cited in the Fire Precautions Act (1971) that in buildings such as 
hotels with more than three floors above ground level, at least 
two stairways are required. Thus, the study focusses on an 
occupancy in which in terms of current legislation the relation­
ship between people’s escape behaviour and the physical environment 
is of more direct relevance. Attention is paid to the method of 
establishing and representing the distance and direction of 
peoples’ movements. Existing regulations specify the maximum 
distance people should have to move before reaching an area of 
relative safety defined as a ’protected zone’, constructed within 
guidelines regarding the fire resistance of the materials used. 
Despite the assumption that if one minimises the distance to an exit 
people are more likely to use it, no studies exist which demonstrate 
how far people move in a fire in a particular building setting 
and what characterises the behaviour. This seemed important to 
examine f°r a building type covered by the regulations.
Evacuation studies have focussed on the time it- takes people
to move through exits of various widths and down stairways (e.g.
Pauls, 1971j 1975)* Other studies have been concerned with peoples 
movement to a closed door as a. response to smoke (e.g. Latane and 
Darley, 1968), physical movement through exits of different widths 
(Peschi, 1971) movement through and visibility in smoke (see Chapter 
3) and exit choice behaviour (Patrick, 1934a,b; Horiuchi, 1978).
In general, the conditions and circumstances under which people have 
been required to act in these studies have been very different from 
those of real fire.
Major surveys of fires to.date have asked individuals to estimate the 
distance they moved through, smoke (Wood, 1972) and in leaving buildings 
during fires- (Bryan, 1977)• Other research has shown that people’s 
estimates of distance are affected by factors such as the direction 
of movement, the degree of mobility of a person, the number of corners 
in a route and the desirability of the goal object (Lee, 1970, 1973)• 
Experimental research shows that psychological or perceived distance 
can shrink, when individuals are required to walk towards a danger 
(Werner and Wapner, 1955). Factors of this kind were not examined 
in the surveys of fires. In general, although recent case studies 
of fires have begun to record examples of peopled movement on plans 
of buildings (Lerup, 1975; Horiuchi, 1978, Bryan, et al, 1980) these 
attempts have been unsystematic' in that (a) not all the people present 
have been represented (b) no attempt has been made to consider the 
distance and direction of movement in any detail (c) no attempt has 
been made to consider the goal, of a person when moving in a particular 
direction or for example when 'turning back' in smoke. The previous 
chapter demonstrated that the 'goal' of a person is important in under—
standing the direction of movement. For example movement to the room 
of fire origin at an early stage of the fire was invariably because 
people were investigating 'cues’. As the individual moves through the 
building it is likely that he monitors the physical environment in 
relation to the particular goal, e.g. investigation, go to other peopl 
escape. Underlying this behaviour is the potential objective threat 
from.the fire and physical constraints of the building layout. Stahl 
(1979) suggests that his computer model of egress behaviour is derived 
from an 'information.processing' model of human behaviour (see Chapter
3).. It would seem important in monitoring peoples movement through 
a building during a fire to take into account (l) the potential infor­
mation about the location and state of the fire and escape routes,
(2) an individual.'s goal.
Several researchers have used terms such as 'nodes' and 'links' 
(Marchant, 1976), 'nodes’ and 'arcs ' (Berlin, 1977), in an-attempt 
to relate peoples movement to the physical layout of a building on 
fire. Their indices have emphasised physical movement between exits, 
physically defined rooms, or areas, ignoring the kind of information 
individuals require about the degree of threat and changing circum­
stances of their environment.
In developing a measure of movement through the physical environment 
it is useful to refer to research in the general Environmental Psy­
chology area which has been -less preoccupied with a 
strict, 'physical science model' of movement (see Chapter 3). Best 
(1969) for example studied peoples success at direction-finding in 
Manchester Town Hall. Here, he found that the length of route to a
particular central room and the number of changes of direction did 
not affect the likelihood of a subject becoming lost. The number of 
choices between different routes was the main variable affecting 
'lostness'. .Best defines lostness as a deviation from the most direct 
route and a 'choice point' as a location where a user has to choose 
between two or more routes. Other definitions of 'locations' have 
been adopted in attempting to relate behaviour to the physical 
environments of institutions such as old people's homes: locations
of 'high and low visual, access/exposure' (Archea, 1974) and in a model 
of pedestrian congestion: 'connective and non-connective attractors'
(Stilitz, 1969)* Connective attractors are points where people enter 
and leave spaces. Non-connective attractors are sources of information 
to which people are drawn. The availability of information is an 
important concomitant of behaviour in. different social and physical 
environments.
Several ways of recording the movement of people in a fire are adopted 
in the present study ( i) a visual line tracing of the movement on an 
architectural scale plan of the building layout for each floor (ii) 
distance of movement derived from the line tracings (iii) an index of 
the number of 'moves' between ' information points' (movement index:
MI). The latter is supplemented by (dv) a.--record of the global act 
being engaged in during.the moves: id.e. the goal of the movement and 
a description of aspects of the behaviour. The different measures are 
defined in more detail after providing background information on the 
fire selected for study and the data source.
DESCRIPTION OF FIRE
(a) Selection of Fire
During the course of work by the Fire Research Unit, University of 
Surrey (1975-1981) a number of multiple occupancy and hospital fires 
were studied using act decomposition analyses of the kind reported 
for domestic fires in the previous Chapter. For a general summary 
see Canter, Breaux and Sime (1980). The multiple-occupancy study 
was based on eight fires, the accounts of 96 people and an act 
transition frequency matrix of 1714 acts. The fires ranged from 
several hotels, high-rise blocks and a nurses home. The fire studied 
in this chapter, is one of. these multiple-occupancy fires..
Since the overall analysis of the fires is relevant to the present 
study, it is worth referring to briefly. As with domestic fires, the 
awareness that something unusual was happening commenced with the 
hearing of strange noises which were usually misinterpreted or ignored. 
After the cues persisted individuals typically investigated. This 
gave rise to direct contact with fire or smoke and a consequent 
return to the room where the individual was. . The characteristic 
sequence which followed related to the individual going to the window 
shouting for help and being rescued. In the multiple-occupancy fires, 
especially in hotels, there was limited fire-fighting. The 
assessment of the fire state was typically followed by dressing and 
gathering of valuables. This often occurred while people were waiting 
in their rooms for the Fire Brigade.
In the course of this study of multiple-occupancy fires, brief 
case studies of the pattern of behaviour in individual fires were 
made. Where there was sufficient data a separate act decomposition 
for a single fire could be produced. The fire which was selected for 
study in this chapter was one in which it was possible to collect 
information from, all of the survivors , interviews were carried out 
with the firemen who attended the fire and in general, a great deal 
of information was available to the author in the form of newspaper 
accounts, the official Fire Brigade report, architectural plans, 
direct examination of damage to the building.
This fire was not considered necessarily typical of any hotel fire 
since the circumstances-of the fire, building structure and nature of 
the occupancy is likely to have influenced what occurred. The 
pattern of behaviour was, however, consistent with that for the multi 
occupancy fires in general as an act decomposition for the fire
showed (Breaux, Sime and Canter, 1977)• What the fire
does represent is a large-scale fire 'tragedy' of the kind which
typically receives a great deal of attention in the popular press.
Of the 28 people present, five died.. It is interesting to note that 
in interviews carried out with.firemen who were asked to describe the 
pattern of behaviour, numerous references were made to 'panic'.
A typical example was the following:
"The soene.. I saw as I walked along the pavement, was 
people hanging out of every window of this particular 
hotels screamings hollering, shouting. They were 
hanging onto the window, standing on ledges, crawling 
down drainpipes -  you. -name it in any conceivable way 
of getting out of the building. In blind panic, they 
were trying to attempt it. And oh, naturally ladders 
off3 rescues straight away. I knew we had a fob on 
our hands. "
H wit'll a central wooden staircase sealed off by fire doors. The 
building was of traditional construction with load bearing walls and 
timber floors. An external back to wall metal fire escape ladder 
scheme was sited at strategic points (see Photos 6.2 and 6.3). Access 
to the fire escape was.through certain guest rooms. Fire extinguishers 
were provided5 fire exit signs and keys to rooms next to the fire 
escape were available in. glass-fronted boxes. On the ground floor 
was a public telephone kiosk and reception office.
(c) The Fire Spread
The fire began sometime before 2.00 am on January 6 1976. The cause 
of the fire was never established. It began in a rubbish store on 
the ground floor at the bottom of a disused vertical lift shaft.
It is estimated by the Fire Brigade that within six minutes of the 
fire being first discovered.by one of the residents it had involved 
the whole of the central stairway enclosure (Whitaker, 1976).
The fire damage although severe was confined to the staircase, 
connecting circulation areas,, roof and several of the rooms. The 
whole of the building was damaged by heat and smoke.. By the time most 
people became fully aware of the fire, it' was spreading rapidly up the 
central core of the building. The Fire Brigade arrived at 02.11 hours.
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METHOD AND CODING
(a) Data Source
The source of information about peoples behaviour was primarily the 
police witness statements collected' from the survivors, each of whom 
was taken from the scene of the' fire and interviewed immediately 
afterwards by the police in a building nearby. Although details of 
the manner in which the interviews were conducted are not available, 
it is assumed that the. manner.of interview was consistent with the 
Judges Rules and Accounts Methodology as discussed in Chapter 4.
Each witness statement consisted of a typed verbatim transcript, 
in which the witness provided a full description of what he or she 
did from, the moment- of being alerted to something being wrong until 
they were out of the building. Access to the fire survivors by the 
researcher was not possible immediately after the fire, since a number 
of deaths occurred and legal inquiries were pending.. Permission to 
examine the statements was granted only after legal proceedings had 
been completed some months after the fire. Accounts were available 
from all 33 survivors of the fire, most of whom were male 'guests’ 
in the hotel (see below). Their ages varied from 17 to 65. Half 
of them were less than 30 years old.
(b) Method of Measuring Movements
(i) Visual Representation The procedure used to record people's 
movements was as follows. The sequence °£ ac  ^10ns for each individual 
was derived from his interview statement, a record being made of the 
actions in relation to the location. The movement was then traced on 
the scale plan of the building (3" to.the foot). All the 33
survivors were in their own rooms when first alerted. The starting
point for the movement , was taken notionally as the centre of the room. 
Although most people were in bed asleep when first alerted, the 
position of the beds varied. Circles with numbers represent the room 
number of a resident and his final location (point of escape or 
position of body). In cases where an individual died in a different 
room his assumed direction of movement from the room of origin is 
traced.in for illustrative purposes. For the sake of clarity the 
movement of individuals deviate from straight lines on the plan. 
Different arrows and symbols.are used to distinguish each individual.
(ii) Distance Moved The measure of distance is based on 'the 
minimum, distances moved between points. This is in keeping with the 
principle in the building regulations that distance to an exit should 
be minimised if people are to be ensured of reaching an exit before a 
fire becomes too severe. The distance moved was measured by tracing 
the movement on the scale plan, using a mapometer. Despite the fact 
that people do not necessarily move in straight lines, it is believed 
that the distances recorded are. more accurate than could have been 
obtained by asking people directly to give estimates.
(iii) Movement Index (Ml) To relate the behaviour more directly 
to the building and the information about the fire and layout a 
person might need to move through a building, a separate measure was 
devised; an index of movement between information points. An 'infor­
mation point' is a physical location in a building with potential 
access to new information. This is normally visual information about 
the fire or a change in the path of an exit route. Information 
points include windows, doorways, the top of a staircase. They can
also include a telephone. A person reaching a new ’information 
point' is. in a position to decide to wait, to move forwards or turn 
hack.
Besides enabling one to consider an important psychological component 
in peoples movements, the measure adopted could be used in future 
studies to compare building layouts of different scales, or for which 
precise scale measures of distance cannot be obtained.
(iv) Activity Goal of Movement
Against each move between 'information points' the actual nature or 
goal of the activity was recorded under a number of global headings: 
investigation, warn others or give, assistance, general movement and 
escape behaviour, fetch belongings or clothes (e.g. prior to dressing), 
fight fire. These categories were derived from a content analysis of 
the acts engaged in. 'General movement' applies to movement which 
could not be coded into the other categories but seemed closest to 
escape behaviour of some kind- during'the fire. The scale of a building 
imposes limits on how far a person can move in pursuing a particular 
goal (e.g. investigate as opposed to escape). Rather than measuring 
the absolute distance moved for each 'activity goal', it was considered 
more informative to relate the goals to the MI. A decision tc> (a) 
change direction, or (b) continue in a particular direction, could be 
influenced by information concerning the fire. This would be accessible 
at junction points in the building represented by the MI.
A general description of individual differences in movement and the 
outcome of peoples attempts to escape are included in the results section.
RESULTS
Figures 6.1-4 illustrate the pattern of movement for the people in 
the hotel fire on Floors 1 to 4. No-one was in the basement at the 
time of the fire. - The only movement on the ground floor was by an 
individual who used.the telephone to ring for the Fire Brigade. It 
can be seen that most of the movement took place in and around the 
hotel rooms of the occupants.
Distances Moved
The distance moved.by the 33 survivors ranged from 8 to 620 ft, an 
average of 82.42 ft (Standard deviation sd = 107.15). This is a wide 
range. If one excludes two individuals who moved. 272 to 620 ft res­
pectively, the range of distance moved is much smaller: 8 to 108 ft,
an average of 58.96 ft (sd = 29.12). The distances moved, while not 
excessively'more than might be required notionally to reach a point 
of safety (i.e. 90 ft), are characterised by ’backtracking' behaviour. 
Berlin (1977, p 5) refers to ’backtracking’ as ’the situation in which 
occupants will enter a room or start down a hallway before they 
realise they should not continue and hence, turn around and retrace 
their step.’
Number of.Moves between Information Points (Ml)
The number of moves between information points for the sample ranged 
from 2 to 30. Again, the two individuals who moved 272 and 620 ft 
extend the range markedly. Excluding them the range is from 2 to 8. 
The two individuals moved 22 and 30 times respectively, a reflection 
of the comparibility of the distance and information point measures.
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The-average number of moves for the total sample-was 212/22 = 6.^2 
(sd = 5*^5); excluding the two individuals it was 160/31 = 5*16 
(sd = 1.86). A typical sequence of moves as reflected in Figures 6.1 
- 6 .k was (l) to the window (2) to the doorway (3) along the corridor 
to a fire door (U) back to the doorway (5) to the window (6) exit 
down a Fire Brigade ladder .(N = 6; the last move to safety was also 
counted in the Ml).
Act Content x MI 
/
Examining the act engaged in at the time of moving between an 
information point they can be classified as follows 23-1% investigate, 
lb.2% warn others or give assistance, (primarily the two. individuals 
who moved further than the others), general movement and escape 
behaviour, 3.8$ fetch belongings or clothes, 0.9$ fight fire. These 
figures reflect the overall.amount of different ^activity goals’ associated 
with each, of the 212 moves.
Sequence of Initial Actions
People were generally alerted, first by ambiguous cues (see Breaux,
Sime and Canter, 1977)-« Many people thought that breaking 
glass and related noises signalled a fight in the street. People 
were prompted to investigate by the persistance of a combination of 
auditory cues such as shouting, knocking on doors, etc.. Initial 
movement to the door of a room or a window as represented in Figures g.p 
-6.I4- reflects the act of investigation. Of the 33 survivors, 9 
went to the window first to investigate. Of the remaining 2 h, all 
except two (a) went to the door and opened it after receiving cues
or (F) waited while another occupant of the room opened the door to 
investigate on their behalf. The two exceptions, who were alone, were 
interrupted in one case by smoke actually seeping under the door, in 
the other by someone else opening the door from outside. Both were 
on the top floor. In general.the turning back behaviour at the doorway 
or outside the corridor coincided with an individual seeing smoke and 
sometimes flames in the central, staircase after investigating. By 
the time most people became fully aware of the fire by encountering 
it directly, the central staircase was blocked by the rapidly spreading 
fire.
The two individuals who moved much further than anyone else account 
for much of the movement.along the corridors in Figures 6,1 - 6.^. Since 
their behaviour is so clearly an exception to the general pattern of 
activity in and around the rooms it is worth summarising briefly.
The occupant of room 7 (who moved 272 ft) was the first person in 
the building to discover the fire. He was awake doing a crossword 
puzzle at the time he heard a ’banging noise’. He went to investigate 
leaving his girlfriend asleep. After making his way to the ground 
floor he telephoned the Fire Brigade and returned to his room passing 
flames in the rubbish store on the way. The occupant of Room 31 (620 ft) was 
involved in a considerable amount of warning behaviour as he went 
round knocking on doors on both the third and fourth floors. There 
was thick smoke on the top floor by the time he left. He recalled 
seeing a figure through the smoke at the last moment. This is likely 
to have been one of the people who subsequently died. The fact that 
a number of people ended up in his room is a reflection of the con­
siderable amount of assistance he provided. Like the man from room 7
he returned to his room, where his girlfriend was awaiting his return.
OUTCOME
(a) Numbers of -people escaping via different routes
Despite the fact that most occupants closed their doors after investi­
gating, they were in considerable danger from the encroaching smoke 
and heat by the time the Fire Brigade arrived. The majority of 
people were rescued by the Fire Brigade (26/33 survivors). None of 
^the survivors escaped, via the central staircase. All except one 
left via the hotel room windows. One person (from room 37) left via 
the external fire escape. Only two other people reported reaching 
the fire escape (the couple in.room 7 who went through a kitchen 
but found the escape exposed to flames). The witness statements 
suggest that very few people even considered using the fire escape.
One or two reported moving in that direction initially.
Of the 7 people who escaped without assistance from the Fire Brigade,
5 climbed down a neighbours ladder from the first floor (four were 
in room 8, one from room 37). Two people left the building completely 
unassisted; (one reported climbing from Room 31 to an adjacent 
building); the other, who had also moved furthest in the
fire, i.e. 620 ft, climbed down a drainpipe. One man from room U0 
(aged 59) climbed up to the roof, then down a pipe and via a Fire 
Brigade ladder from the first floor. The male in room 6 fell while 
trying to hold onto a drainpipe. Injuries were limited to this man 
who broke his left ankle and the occupant of room k2 who had some 
smoke damage to his lungs. 2k people left via their own room windows.
(b) Location of Fatalities
Five individuals died. The cause of death was recorded as asphyxia­
tion due to smoke. Two died in their own rooms - a female staff 
member (aged 17) in room 11 (first floor), a man (aged 56) who was 
found fully clothed across his bed, in room 3^ (third floor). They 
do not appear to have moved from their rooms at any point. Their 
windows and doors were found shut. The two occupants of room 39 
(fourth floor) collapsed in the corridors: the girl (aged 21) on
the top floor outside room 1+2, her boyfriend (aged 26) on the floor 
below. The man from room 1+3 (aged 27) evidently made his way through 
the open doorway of room 37 to the fire escape before being over­
come by the fire.
There was no clear evidence that factors such as alcohol and/or drugs 
impaired the ability of certain individuals to escape though this 
remains a possibility. Certain individuals were in more danger in 
terms of their initial location on an upper floor away from the fire 
escape and facing a drop of at least 1+0 ft to an inner courtyard:
Rooms 3^ -j 35» k2, 1+3. These rooms were inaccessible to the Fire 
Brigade. The occupants of rooms 3l+ and 1+3 died. The occupant of 
room 35 was pulled into room 31 from the thick smoke in the corridor. 
The occupant of room 1+2 survived in his room for almost 2\ hours after 
the Fire Brigade arrival, before being led'out. Water from a Fire 
Brigade jet kept the flames from his room.
DISCUSSION
The study reported has not been concerned with aspects of the 
building structure and materials contributing to the fire spread or 
the actual design of escape routes in any detail. It is worth noting, 
however, that (l) the external fire escape (wall ladder scheme) was 
not only relatively Inaccessible to a number of occupants, but would 
have been difficult to use (particularly in bad weather conditions)
(2) although room 11 led directly onto the fire escape from the 
window, this window was glazed with cast glass. This made it im­
possible for the occupant to see the fire escape with the window 
shut and could have contributed to its unfamiliarity. The unfamiliarity 
with and inaccessibility of 'external fire routes is recognised in 
the regulations (Ministry of Works, 1952, paragraphs l6l, 280). There 
is a general assumption in the regulations, however , that the lack of 
use of alternative escape routes is caused primarily by panic (see 
Chapter 2).
This chapter, although essentially descriptive in nature, has attempted 
to demonstrate that the information available to people about the 
state of a fire is important, in understanding movement.: Although
there was no measure of 'familiarity' with the fire escape route, 
one assumes that the fact that people did not habitually use the 
fire escape route could have contributed to its lack of use. In 
general, the primary reason for people being unable to use the main 
staircase was the delay in people becoming aware of the fire. As 
was pointed out, there was no alarm system of any kind.
In these circumstances, much of the early movement of people in and 
around the hotel rooms consisted of 'investigation'. Another main 
goal of movement along corridors was 'warning behaviour'. This was 
condudted primarily by two individuals who moved much further than 
the others prior to escape. The remainder of the 33 fire survivors 
moved distances ranging from 8 to 108 ft. This is consistent with 
the maximum.distance of 90 ft required to reach an alternative escape 
route. The movement was not\ characterised solely by the goal of 
immediate escape. Indeed the fact that movement, particularly 
before reaching an escape staircase, involved goals other than 
escape may be important to stress due to the emphasis in.the 
.’physical science model' of escape behaviour'(see Chapter 3), 
on movement of any kind being characterised by escape. The previous 
chapter showed that investigation, warning others and fire fighting 
were all actions involving movement in which the primary goal was 
not necessarily escape from the source of threat.. Similarly, other 
research of multiple-occupancy and hospital fires has shown that 
movement?particularly in the early stages of a fire,is characterised 
by the primary goal of investigating cues and relaying information 
about the state of the fire (Canter, et al, 1980). In this fire, 
unlike the domestic fires, there was limited firefighting. The main 
dichotomy in..the goal of movement seemed to be investigation/escape.
One assumes that a decision to continue in a particular direction or 
turn back in smoke is influenced by the motive of the act (not 
considered by Wood (1972), Bryan (1977))* In this fire most people 
turned back to their rooms after investigating ambiguous cues and 
seeing the serious state of the fire.
The main feature of the behaviour was not movement in one direction, 
but ’backtracking’. In: other fires one might expect the possi­
bility of 'circling' behaviour (in which occupants retrace their steps, 
via “a different route-back to the same place). The possibility of such 
movement is recognised by those developing measures or models of 
'escape potential’ in terms of the physical environment (Berlin, 1977; 
Stahl, 1979). This study suggests that people retrace their steps 
after investigation to regain access to a familiar person and location. 
The fact that people returned to or stayed in their own rooms suggests 
not only physical constraints on leaving via the main 
staircase, but is a reminder of the affiliative model of escape 
behaviour described in Chapter 2. The pattern of movement away from 
an unfamiliar location (the fire escape) and towards the familiar 
hotel room) is consistent with the affiliative model. It is also 
worth noting that individuals who were in 'pairs' in a room,, in most 
cases escaped from the same room. The only exceptions were the two 
occupants of room 39 who died.
Although members of the Fire Brigade remarked on peoples 'panic' 
behaviour, it is probable- that they were paying insufficient attention 
to the physical immediacy of the danger for the occupants . What the 
FB seemed to be interpreting as irrational behaviour was an under­
standably high degree of agitation and anxiety in the face of the ' 
danger. Certainly, .if one examines the pattern of behaviour,there 
is no indication that people ’panicked’ in the sense of acting 
inappropriately. Even the acts of dressing and throwing suitcases 
out of the windows,which took place while the occupants were awaiting 
rescue., were logical from the perspective of the participants. There was
no evidence for the repetitive door-opening behaviour Patrick (193^ +a, 
b) adopted as a measure of non-adaptive behaviour in an entrapment 
situation (see Chapter 3)-
The Movement Index (Ml) developed does not prove on its own that 
people need to process information as they move through the environ­
ment. It does highlight an. aspect of peoples movement in a fire which 
should be taken into account in assessing the validity of any model 
of ’escape behaviour’ in fires. The potential relevance of the 
MI Index for- the design of circulation routes in buildings is a theme 
taken up again in Chapter 10.
While the present study has suggested factors which have a bearing on 
the pattern of movement, it has not isolated and measured these in the 
form of ’variables’ which contribute to the actual outcome e.g, 
use of one escape route as opposed to another, safe escape or not.
The remaining chapters of the thesis concentrate on examining the 
interrelationships between the social and psychological variables 
characterising escape behaviour in a fire.
SUMMARY
A descriptive study was carried out of the movement by people in a 
hotel fire in which the fire blocked the central staircase route out 
of the building. The methods of recording the movement were as 
follows: coding of accounts of the fire (witness statements) from
the 33 survivors into representative acts, tracing of the path of 
movement onto scale plans of the floors of the building (consisting
of a Abasement., ground floor and k upper floors), measurement of 
the distance moved by individuals using a mapometer. In addition, 
an. index of. moves between information points (Movement Index: Ml) 
was developed. An information point is "a physical location in 
a building layout with/potential access to new information about 
the fire or a change in the path of an exit route".
Distances moved by 31 of the 33 survivors ranged from 8 to 108 ft. 
(comparable with the recommended, maximum of 90 ft. to an escape 
route). The behaviour was characterised,however, by 'backtracking' 
to the rooms following investigation. Two individuals moved markedly 
further than the others:. 272 and 620 ft. ,22 and 30 moves on the 
MI respectively. The other 31 survivors moved between 2 to 8 times 
on the MI. The moves for the majority.of individuals were charac­
terised by the initial goal of investigation, followed by escape to 
the room windows. The majority of survivors were rescued by the 
Fire Brigade. Five people died.
The results of the study were discussed briefly in relation to 
the affiliative model, of escape behaviour. It was concluded 
that movement prior to reaching an escape staircase was not 
characterised primarily by the goal of escape or 'panic' but 
the demand for information about the changing circumstances of 
the fire, the feasibility of using particular escape routes, the 
need to inform other 'familiar' people and the tendency to move 
towards familiar locations.
CHAPTER 7
EXIT CHOICE BEHAVIOUR IN THE MARQUEE SHOWBAR' (MSB)
INTRODUCTION
The aim of this Chapter is to examine the factors influencing peoples 
movement towards alternative escape routes in a building on fire. The 
previous two chapters have suggested that the way in which ambiguous 
cues in a fire situation are interpreted can influence the pattern of 
initial movement from a physical space in a building. Assuming people 
have become aware that there Is a fire (even if the degree of threat 
is not altogether clear) the question addressed more directly in this 
Chapter is: What prompts individuals to try and leave via the normal
exit route from the building as opposed to a fire escape route or vice: 
versa? The Chapter takes as-a central .theme the subject of 'exit 
choice behaviour' for a number of reasons (l) It directs attention to 
a stage in peoples responses that has not been studied in evacuation 
research: i.e. movement prior to reaching a staircase route from the
floor on which people are located when they become aware of 'cues' 
to the fire's existence. (2) The research on peoples behaviour is 
related more directly to the physical environment than, has been the case 
in the past. (3) Research on exit choice behaviour allows one to 
examine the affiliative model of escape behaviour which is
a central focus in the thesis. Finally, (U) The pattern of escape 
route use is directly relevant to the implementation of recommendations 
in fire regulations concerning the design of exits and escape routes.
Exit choice behaviour is defined here as: the movement towards and
subsequent use of one of two or more alternative exit routes from a 
physical space. The term implies that there is more than one
route from which to choose in the event of the escape route being 
obstructed by the fire. Building regulations for public buildings 
specify the number and siting of exits, exit widths and ’acceptable1 
maximum travel distances to an exit against criteria related primarily 
to the potential pattern.of fire spread and. numbers of people to 
evacuate within a limited time (see Home Office, 193^; Ministry of 
Works, 1952; Langdon Thomas, 1972). This chapter examines the nature 
of the exit choice behaviour required.
Experimental; and'simulation research to date, in concentrating on 
the use- of one exit,. has not examined the reasons why individuals 
in a fire choose to use one escape- route as opposed to another 
(see Chapter 3: Mintz, 1951; Kelley, et al, 1965; Schultx, 1966,
1967; Guten. and Vernon., 1972; Latane and Darley , 1968 ) . Research 
on legibility of exit signs in, different conditions of visibility 
(e.g. Watanabe, et al, 1973; Tashida, 1975) also begs the question 
as -to why people move in one direction or another. The limited 
field research on fires to date has tended to be descriptive and 
based on small samples from particular fires (e.g. Bryan, 1956;
Lerup, 1975, Bryan and Dinneno, 1975; Abe, 1976).
Two studies (summarised in Chapter 3) have examined exit choice 
behaviour. The first by Patrick (193^ -a, b) is restricted in 
the conclusions one can draw because of the artificiality of the 
experimental design and the room.especially constructed for the 
experiment. The second by Horiuchi (1978), while conducted in 
a field setting, neglects psychological factors such as role and 
familiarity. Wood. (1972) and Bryan (1977) failed to find a
relationship between familiarity and. immediate escape. But no clear 
attempt.was made to examine the relationship between familiarity 
and the direction of movement.
Stahl (1979) recommends for further study a proposition derived from 
’testing' his 'BFIRES’ computer program for simulating emergency 
egress behaviour:
"That occupants familiar with the physical layout 
of the building will not be helped by designs 
providing shorter and more direct egress routes, 
while conventional wisdom suggests that short, 
direct and unambiguous routes should be especially 
helpful to unfamiliar occupants. "
Stahl has a set of sub-routines in his computer program: GROUP, OTHERS
and AGREE which establish for a given occupant ’the social environment 
through which, he gathers certain information necessary for making 
egress movement decisions’. Stahl is concerned in particular with 
a potential situation in which ’several occupants inhabiting a space 
have different opinions about the best exit from that space’. In 
incorporating the potential for individuals making a decision to move 
towards one exit or another Stahl (a) conjectures the nature of the 
decisions which might have to be made in a real life fire situation 
(b) recognises that physical.factors such as distance to exits are 
not the only ones likely to influence the direction of peoples movement 
The validity of the assumptions used in the BFIRES computer simulation
as reflected in the following paragraph, have not been tested to 
date. As Stahl suggests, if everyone in a physical space holds the 
same opinion, the choice of.exit is clear cut.. However, as he writes 
(p.12):
"Where a difference of opinion exists3 a consensus will 
have the effect of winning all occupants over to the 
majority view. But just how should 'consensus' be 
defined. 51% of all occupants in the space? @7%?
The literature on human behaviour in fires (or fire 
drills) provides no guidance. Eor predictability3 
however3 the cut-off line was drawn at 60%: if 60%
(or more) of the occupants inhabiting a space favour a 
particular exit from that space3. they will 'convince ' 
the remaining occupants of the quality of their 
opinion3 and all the occupants will seek that exit.
When occupants have differing Opinions and no_ consensus 
exists3 BFIRES simulates a state of confusion in which 
occupants 'lose faith' in their originally-held beliefs. 
Confusion reigns3 until a consensus is eventually 
achieved."
It is clear that the nature of exit choice behaviour in fires ' 
requires further study. It is an important aspect of the general 
focus of this thesis on escape behaviour in fires. If it were (a) 
permissible ethically to carry out an experimental study of exit choice 
behaviour and (b) one could validly extrapolate from the results 
of the experimental design to a real life fire,the ideal experimental 
design would involve monitoring escape behaviour in a setting in which 
people were faced by a direct physical threat to their lives and their 
access to at least two alternative exits from the physical space was 
diminishing rapidly. These are the circumstances of potential 
entrapment in which ’panic’ behaviour is often predicted (i.e. people 
competing for an exit: see Schultz, 196*+).
DIRECTION OF MOVEMENT PREDICTION: DERIVED FROM.AFFILIATIVE MODEL
The simplest physical setting for a study of exit choice behaviour 
would be a room in which there is an 'entrance' in one corner and 
an alternative escape route in the other: (the conventional pro­
tected fire escape re commended-in fire regulations). The affiliative 
model predicts that people faced by a physical threat are likely 
to have a preference for moving towards the exit with which they 
are (a) most familiar i.e. in the hypothetical example: the 
entrance and/or (b) via which attachment objects (i.e. familiar 
people) are to be found.
If an individual is ’separated' from persons in danger to whom he 
has close psychological ties and access, to them is.perceived to be 
possible via a.particular route, this psychological constraint will, 
be a powerful influence on the direction of movement. The affilia­
tive model does not assume everyone will necessarily move in the- 
same direction: (an assumption of the panic scenario and Stahl's
consensus decision notion). Individuals without group attachments 
elsewhere in the building and whose role (e.g. staff in a public 
building) means they are more ’familiar’ with the fire escape route, 
are more likely than any other role group to leave via this route.
At an explanatory (as opposed to predictive level) the panic scenario 
ascribes the lack of use of a fire escape route, which provides a 
potential route to safety, to people behaving ’irrationally’. The 
affiliative model explains its lack of use as due to people being 
less familiar with this escape route. In this respect the behaviour 
is perfectly rational. • -
The main task at the initial stages of the research was to select 
a real life fire situation in which it would be possible to monitor 
poeples exit choice behaviour retrospectively through access to their
accounts of the event and. secondary sources such as plans of the 
building, fire reports, etc. (see Chapter U : Accounts Methodology). 
The fact that exit choice behaviour in fires has not been researched 
systematically to date,meant, that one of the main tasks would be to 
isolate factors (i.e. variables and their categories or levels) 
which would provide a framework for potentially describing and 
explaining the direction of movement.
DESCRIPTION OF BUILDING AND FIRE
(a) Occupancy, Building Layout, and. Marquee Showbar (MSB)
The remainder of the studies reported in this thesis are all based 
on the Summerland Fire, Isle of Man. This fire occurred in a large- 
scale leisure complex in.. August 1973. Some 3000 holidaymakers were 
present and 50 people died. In terms of loss of life the Official 
Government report on the fire (Summerland Fire Commission, 197^ -) 
described it as ’the worst peace time fire disaster in the British 
Isles since 1929.’ This fire has been selected for detailed study 
for a number of reasons: (l) the scale and seriousness of the fire
(2) the pattern of fire spread, design of the building and nature of 
the occupancy which together, represent exactly the type of situation 
in which panic of the stereotypical competitive type is predicted (3) 
the availability of a large number of accounts of the fire collected 
from individuals immediately afterwards (see ’Data Source’ below). 
Although the fire was ’unusual’ in its scale, it represents a typical 
large-scale fire tragedy which the fire regulations are designed to 
avoid. The Manual of Safety Requirements in Theatres and Other Places
of Public Entertainment * (Home Office, 193*0 provides other examples 
of large-scale fires of this kind. The fire has parallels with a 
range of fires which have occurred in high-rise blocks,, discotheques, 
clubs etc. in which ’panic.’ is assumed to have been a primary cause 
of the pattern of peoples movement and deaths,.
The official report of the fire, which concentrates on the building 
structure and pattern of fire spread, attributes the casualities to
(l) the very rapid development of the fire (2) the delay in and 
disorganised nature of the evacuation, (Summerland Fire Commission, 
197*+). The problems caused, by staff delaying the evacuation are 
discussed in the.Commission. Report. Statements about the behaviour of 
the public are generally limited to references to ’panic’ (e.g. 
paragraph 2: ' ’Of. an estimated 3000 people in the building at the time, 
the vast majority escaped amidst scenes of panic.'
Paragraph 1 of the Report of the Summerland Fire Commission describes 
the building as follows:
"Summerland was part of a leisure complex3 comprising 
Summerland itself and the adjacent Aquadrome3 an 
indoor swimming pool. Summerland was a large building 
containing a considerable area of open space and 
several upper floors, arranged as open-fronted terraces. 
Except for two basement floors3 it was enclosed in a 
steel framework3 clad partly in a coated steel sheet 
material3 but mostly in an acrylic sheeting known as 
Oroglas. The building had capacity for about 5000 people 
and offered a wide variety of entertainment including 
music3 singing3 dancing3 eating and drinking3 sun­
bathing 3 bingo3 pin-ball games and table tennis."
The nature of the occupancy was closest to the 
definition of a ’theatre* covered by the Theatre Regulations 1923 
made by the Isle of Man Local Government Board and a Local Government 
Act 1963. As is pointed out by the Fire Commission (197*0: Part VI, 
paragraphs 78-8*+) these regulations were in fact primarily designed 
to apply to the ordinary conventional type of theatre and were in­
appropriate to a building such as Summerland.
The actual novelty of the building's function evidently led to 
features of design considered by the Fire Commission to be potentially 
dangerous in hindsight (in particular the extreme expanses of 
acrylic on walls and roof, haphazard arrangement of certain stairs 
and exits, lack of compartmentation in the volume (i.e. levels) above 
the Solarium floors).
The studies reported in the thesis, concentrate on two areas of the 
building complex (l) the Marquee Showbar (MSB) (2) The Solarium. This 
chapter concentrates on the exit choice behaviour by individuals in the
■'MSB..- For details of the building and fire spread,'the reader is
referred to the official Government report (Summerland Fire Commission, 
197*+) and a Fire Research Station report by Silcock and Hinkley, 197*+). 
Illustrated in Figure 7.1 is a longitudinal section of the building and 
in Figure 7.2 a more detailed plan of the MSB and upstairs level (5) 
where the MSB was situated. Photograph 7.1 illustrates the building 
■as seen from the south-east at the height of the fire.
Members of the public entered the building by the turnstiles at 
the main entrance on the Solarium level. The only other area of the 
building people had to pay to enter was the Marquee Showbar (MSB) 
itself. The MSB provided, an evening cabaret performance and was 
self-contained unlike many parts of the Summerland complex.
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The MSB had-two main exits (l). the entrance used by members of the 
public to enter and leave, (2) the fire exit. The main route for 
members of the public up to and down from the level where the-MSB 
was located was via an open-plan 'flying1 staircase situated near 
the MSB entrance (see Figure 7*1)• Other routes down to the Solarium 
level were via an escalator, a staircase near the Pool bar add the 
rustic walkway (see Figure 7*2). The fire exit led to the north-east 
Service Stairway and rear exits from the building on a lower floor. 
Both the 'flying' staircase and north-east stairway were criticised 
by the Fire Commission (197*0 for being unsatisfactory as means of 
escape (see paragraphs 170-197, 188-189).
A doorway near the fire exit had been made by staff for the purpose 
of facilitating the-movement of goods into and out of the bar. The 
combined function of service stairway and as a result inadequately 
protected emergency staircase, was criticised by the Commission. 
Besides being used as a service stairway, MSB staff members used 
this stairway each day as a route to work.
The MSB room, was divided into seating areas at either end and a 
dance floor in the middle adjacent to a stage. The seats were 
grouped around tables. The stage on the left was used by the resi­
dent group of musicians for a cabaret performance each evening.
Along the right-hand side of the MSB was a line of bars on the fire 
exit side (see Figure 7-2). Photographs 7-2 and 7-3 illustrate 
people dancing in the MSB and a view of a section of the north-east 
stairway after the fire. The smoke damage to the walls is evident.
(b) The Fire Spread .
The fire began in a section of glass fibre kiosk outside the building
Ph
ot
og
ra
ph
 
7*
2 
(o
n 
th
e 
le
ft
) 
Da
nc
in
g 
in 
th
e 
Ma
rq
ue
e 
Sh
ow
ba
r 10U
at the eastern end of the mini-golf course (MGC). The MGC was 
located on a terrace at the same level as the Solarium (i.e. the 
level below the MSB. In photograph 7-1 this terrace is to the 
left of the building and the section of kiosk was situated towards 
the comer of the building). Three boys had been playing with some 
matches and started the fire. Within minutes flames were impinging 
on'the nearby Galbestos wall. Attempts were made by staff to put 
the fire out for some 20 minutes after the discovery of the fire at 
7.^0 pm. The Fire Brigade did not receive a call until 8.01 pm.
In the intervening time announcements were made from the stage in 
the Solarium that people should not worry and stay seated. Movement 
away from the fire did not occur until people were in direct danger 
and were fully aware of the threat. -
. Much of the blame for the 
Summerland fire was placed in media reports on the incorporation of 
the highly inflammable Oroglas material in the construction of the 
walls and roof of the building. The Commission Report (p 33, para­
graph 108) indicates that the Oroglas did not play a primary role 
in the initial development and'spread of fire. Once the Oroglas 
did catch alight, it did. however, contribute to the dramatic scale of 
the fire. The severity of the fire at its height can be seen from 
Photograph 7.1
The MSB was one of the areas of Summerland in which people were most 
seriously exposed to the fire spread for a number of reasons. Firstly, 
the MSB was located on one of the upper floors. Secondly, it was 
located at one end near (a) the point.of fire origin on the level below
(b)~the Galbestos wall and the void behind it into which the fire 
spread with some rapidity once flames were impinging on the building 
(see Summerland Fire Commission, 197^ -, Part IX). Thirdly, the MSB 
was physically enclosed and therefore separate from the remainder of 
the building. This meant that there was a greater potential for delays 
in people inside becoming aware of a fire located elsewhere in the 
building. Within a few minutes of people in the MSB becoming aware 
of the fire first the entrance, then shortly after the fire exit 
route, was blocked by the encroaching flames and thick smoke.
METHOD AND CODING (Transformation of the Accounts)
(a) Data Source
Immediately after the fire some 500 police witness statements were 
collected from the fire survivors together with a considerable amount 
of background information relating to fire damage, the history of 
the building, nature of the occupancy, plans of the building, numbers 
and identity of people injured. The witness statements were used as 
the basis for official enquiries. After the official enquiries had 
been completed the witness statements became available to the author 
as a member of the Fire Research Unit team at the University of Surrey. 
The statements provided a rich source of information on peoples 
escape behaviour and an ideal opportunity to research the pattern of 
escape behaviour in more detail than had been possible in practical 
terms at the time of the inquiry. The vivid summaries of the fire 
covered what each individual did from the moment of first cue, i.e. 
being alerted to something being ’wrong’ or different from normal to
the point of reaching safety. Initial analyses were carried out 
on the frequencies of occurrence of a large range of variables 
and sub-categories characterising the sample. These analyses 
consisted basically of frequency counts. The preliminary content 
analysis resulted in the omission of descriptions or actions 
that were unrelated to exit use and aggregation on a logical 
basis of categories of low frequency of occurrence. In Appendix 3 
further details are provided of the content of the statements, 
initial mapping sentence and.MSA-1.analysis carried out as 
a means to isolate and establish factors potentially related 
to exit choice.
(b) Definition of Variables and Categories
In addition to the definitions, reasons are given for the inclusion 
of particular variables and categories in the final analyses.
A ’group’ is defined as two or more people who had accompanied 
each other to the building (or, in a few cases, had arranged 
beforehand to meet in the building). For a definition of ’cue’ 
see Chapter 5 and Appendix B.
Role: (l) Public (2) Staff
Since members of staff regularly came to and left work via 
the fire exit staircase and a back entrance, it was assumed that
their familiarity with this route would increase the likelihood of 
them using it in a fire. Members of the public, in contrast, were 
most familiar with the entrance route into the MSB. Although it was 
not possible after the event, to measure the degree of ’familiarity7 
with exit route as such (e.g. on a semantic scale), it is assumed that 
being a member of staff implied familiarity with fire exit route by 
definition due to their habitual use of the fire exit route. In 
this sense the categories of staff or public are treated as equivalent 
to sub-samples of those in the MSB who were familiar or- unfamiliar with the 
fire exit route respectively.
Location (l) Near Entrance (2) In Centre or near Fire Exit
The location of each individual was coded in terms of where he/she was 
at the time of being alerted for the first time by a ’cue’.
Most individuals stated explicitly that, they were near one or other of 
the exits, near the stage in the middle or bar. The categories adopted 
represent the most accurate coding scheme for location possible as 
well as being potentially relevant to an understanding of exit choice.
It was not possible to measure ’distance' from exit in terms of a scale 
(e.g. metres). It was considered, however, that the location variable 
would provide a general indication of the^degree to which physical 
proximity to an exit increased the likelihood of its use. The inter­
view statements also suggested a potential relationship between location
and the other variables considered.. It seemed reasonable to assume 
that the actual choice of location in the MSB prior to the fire 
might influence subsequent exit choice. Moreover, it was assumed 
that factors such as role, guidance and group identity (see below) 
might be influenced by (and indeed influence) where an individual 
was when he/she became aware of the fire.
It was decided to combine the two categories Fire Exit and Centre 
for several reasons (a) the difficulty in coding the location of 
15 people in the sample in.terms of whether they were clearly 
’in the centre’ or at the fire exit end; (6 were staff behind 
the bar or moving through the MSB) (b) by treating those at the 
entrance end as distinct,, the numbers in each of the two new 
categories were approximately equal (of the 75 in the sample,
8 were at the fire exit end, l8 in the centre, 15 in one or the 
other of these two locations) (c) since 11 of the 15 left via 
the fire exit it seemed justifiable to collapse the fire exit 
and centre location categories in. line with the general pattern 
of relationships suggested by an MSA-1 (see Appendix 3).
Group Membership: (l) Family (2) Mixed
(1) Family: refers to individuals whose group consisted exclusively
of family group members (i.e. Husband, Wife, Children).
(2) Mixed: friends, relations, colleagues, individuals whose 
’group’ did not consist exclusively of ’family’ members defined by (l)
In other words,. either at least one of the group was a non- 
family member or the individual was.a staff member unlikely to 
have 'close attachments' to other individuals present. The 
content of the statements and earlier discussion of the panic concept 
and affiliation model suggested that group membership could be an 
important influence on the pattern of movement (Chapter 2).
Group Attachment at Cue (lj Separated (2) Attached
(1) Separated means 'separated' from at least one other group member, 
not necessarily implying - the individual was alone). Separated 
means not in the immediate proximity (i.e. other group members were 
either elsewhere in the MSB or the building).
(2). Attached.means an. individual reported being with all of the 
group at the time, of being alerted for the first time by a 'cue'. 
Again this variable has been included because of the content of 
the statements (e.g. references to going to the entrance in search 
of group members) and earlier discussion of the panic
concept and affiliation model.
Guidance (l) No guidance (2) Guidance
(l) No guidance means that an individual received no instruction 
to leave via the fire exit though he might have been directed to 
leave (exit unspecified). (2) Guidance means that an individual 
either received specific guidance to the fire exit or as a 
member of staff could be expected to be aware of the location 
of the fire exit. It was anticipated that the nature of the guidance
received by the public.would be an important factor to consider in 
examining-the exit' choice behaviour. Indeed, this variable was 
included because many, of the sample mentioned the nature of the guidance 
to an exit offered or received prior to leaving the MSB.
Exit. Used (l) Entrance (2) Fire Exit
This is the criterion, or target variable of primary interest in the 
study. In subsequent analyses the terms 'exit used' and 'exit chosen’ 
are treated as the. same. Of the 75 individuals in the sample all 
except three reported moving to and subsequently using the exit they 
moved to first. The three exceptions were coded in terms of the 
exit they finally used: the fire exit. These, three, who were amongst
the last to leave,, found the. exit they moved to first: the entrance
blocked by smoke and. heat.
Each individual in the sample, could.be coded in terms of 6 categories, 
one from each of the six variables.. The total frequencies of indi­
viduals with particular category combinations or 'profiles’ were put 
in the cells of a 2 x 2 x 2 x 2 .x 2 x 2 (= 6k cell) cross­
classified contingency table. As there were 75 individuals in the
sample, a table of this size inevitably provided too many zeros and
low frequencies in individual cells.to permit an overall Loglinear
and Partial Order Scalogram Analysis (see Chapter k). By concen­
trating on certain sub-sets the frequencies within the cells of a 
table could be increased. Three sets of analyses were carried out:
(lj Role x Location by Exit Used, (2) Group Membership by.Attachment 
at Cue by Exit Used (B) Attachment at Cue by Location by Guidance 
by Exit Used.
Group attachment, attachment at cue and.guidance were treated separately
from role since (a) 11 of the lU staff and one member of the public 
did not have identifiable primary group attachments; (in the original 
coding scheme these staff were coded as ’attached’) (b) staff would 
not need guidance (i.e. directions to the fire exit) as they were 
familiar with this escape route. In analysis (3) the N is reduced 
accordingly to N = 75 ~ 12 = 63.
RESULTS
(l) Partial Order Scalogram (POSA) and Causal Loglinear Analysis 
(CLA) of Sets of Variables
(a) (A) Role by (-33) Location by (C) MSB Exit Used
Figure 7*6 represents a POSA for the three variables A x B x C. Each 
'profile* of numbers represents the set of categories which identifies 
the nature of exit choice behaviour for individuals in the sample 
defined by the two variables role and location. The POSA accommodates 
a vertical dimension and more qualitative differences betwen profiles 
(reflected in the lateral spread). The fact that the three variables 
A x B x C can be represented by a POSA suggests that although there is 
not a single scale there is an underlying pattern. The POSA illustrates 
the pattern of interrelationships between the profiles. The frequencies 
below each profile of the.POSA can be found in the corresponding cells 
of Table 7*1* Seven of the 8 logically possible profiles for a 2 x 2 x 
2 = 8  cell table are represented. The excluded profile 221 has a zero 
in Table 7*1* The ’additive index’ to the left of the POSA is the sum 
of digits in the profiles at each level. While there is an underlying 
dimension extending from the top of the configuration to the bottom, 
most of the individuals in the sample are represented by the path on the
Figur-e J.6 Partial Order Scalogram Analysis (POSA) of
(A) Role by (B) Location by (C) MSB Exit Used
Additive
Index
3
k
5
6
Frequency
28
13
23
11
A B C
2.1 1 1 1 2  1 2  1 
• U) \ ^  y { 9 )
2 1  2 1 2  2
(2) ^  y / ( 2l)
2 2 2 
(11)
Table T«1 (A) Role by (B) Location by (C) Exit Used: A x  B x C
(Role) Al.Public
A2
Staff
(Location)
■ Bi 
Entrance
B2
Centre or 
Fire Exit
B1
Entrance
B2
Centre or 
Fire Exit
(Exit
Used)
C^ Entrance 28 9 ' 1 0
C2 Fire Exit 3 21 2 11
(31) (30) (3) (11)
Figure 7*7 Causal paths between pairs of variables: (A) Role (B)
Location (C) MSB Exit Used, found in Loglinear Analysis 
(indicated by arrows and U co-efficients).
EXIT USEDROLE (A
.372.048
'LOCATION
right of the POSA: 111— -- 121-----122---  222. These profiles
account for 0.92 of the sample (28 + 9 + 21 + 11/75). Four-profiles
111--- 122 —  222 are consistent with a Guttmann Scale (accounting
for 0.84 of the individuals.. The reproducibility coefficient, R < 0.9. 
The proportion of the sample (albeit a relatively small one of 0.l6) 
which cannot be accounted for by a single dimension, indicates excep­
tions to a cumulative linear pattern in which profiles with more ’2s' 
would be more likely to indicate use of the fire exit. Members of
the public located near the entrance in most cases used the entranc-e
profile 111. (Compare the frequencies of profiles 111, 112 : 
the- first column of Table 7.1 > 28/31 =0.9).
Many of the members of the public near the fire exit used this 
exit:: profile 122 "(21/30 = 0.7).
Members of staff (N = lb) were mostly located towards the fire exit 
end of the MSB (mostly behind the bar) and used the fire exit A profile 
222: 11/14 = 0.79-
The general pattern of relationships can be summarised as follows: 
being a member of staff increased the likelihood of (a) being located 
away from the entrance end of the MSB and (b) using the fire exit. 
Members of the public were equally likely to be found near the 
entrance or fire exit. If near the entrance they invariably used the 
entrance.
What the POSA highlights are individuals and proportions of those 
present who were exceptions to this pattern. Thus, the 9 individuals
represented by profile 121, are those members of the public "who 
despite being near the fire exit (or centre of the MSB) left via the 
entrance: profile 121 : 9/30 = 0.3. Only three members of the public
despite being near the entrance left via the fire exit (112). The two 
staff members located near the entrance and leaving via the fire exit 
(212) were waitresses. The only member of staff who left via the 
entrance was located there (212). His function was to collect tickets 
from people entering the MSB. In Figure 7.6 profiles 211, 112 and 212 
represent alternatives to the main path in the POSA: 111, 121, 122, 222.
In general, being a member of staff was a predeterminant of (a) location 
and (b) exit used. However, being a member of the public per se did 
not determine being located at one end of the MSB or not. Members of 
the public were more likely than staff to be at the entrance end. Loca­
tion did not determine exit use for all members of the public although 
it appears important. There is some indication of a stronger 
'puli' towards using the entrance for the public, although for a number 
of people this could be counteracted by greater proximity to one or the 
other exit.
The relationships between variables are analysed further statistically 
by causal loglinear analysis (CLA) (see Chapter h), CLA limits the 
number of models so as to be consistent with a temporal ordering of 
the variables. This has already been done for the POSA in Figure 
7.6. In the POSA it was important to order both the variables and 
categories of the variables. The temporal order of the variables are 
logically defined prior to the loglinear analysis. By definition the 
order is A — >  B — ^  C. Because of the ’recursive’ temporal order 
variable B cannot cause A; similarly variable C (exit used) cannot 
cause B or A since C occurs later in time.
Figure 7*7 represents the. logically possible connections between pairs 
of variables and those found. The strength of association between the 
pairs [AB] [AC] [BC] is measured by the uncertainty coefficient U.
U is measured by the proportional reduction in fit consequent on the 
exclusion of'an effect from a. higher-order model including it. (see 
Chapter H, Brown, 1976, Gilbert, 1981, for the U formula and further 
reference to the ’Screening' procedure in the LOGLIN Computer Program 
used to establish. U). Each of the values of U is less than p < .05 confirm­
ing the association between the pairs of variables [AB] : U = 0.U8,
p = .037 (p < -05); [AC]. : U = .16, p < .0003 (p < .05); [BC] : U
= .327, p = .000 (p < .05). Indeed the U values for the associations 
between each of the ’explanatory’ variables A, B and outcome C are 
notably strong. The marginal tables for A x B ,  A x C ,  B x C i n  Tables 
7*2 - 7.^ and the models in Table 7*5 fitted to A x B (Table 7*2) and 
A x B x C (Table- 7.1) confirm the associations between the first two 
variables in the temporal model A x B and A x B x C. Since C cannot
logically exert a causal influence on A or B it is ignored for the
2moment. The value of G for the independence model [A] [B] checked
2 2 
against a G distribution does not fit Table 7.2 A x B  : G = U.22,
p = .037 (p < .05) indicating that A and B are associated [AB] .
Table 7*5 (b) shows that the best fitting model for Table 7-1 : A x B
x C is the full pairwise model [AB][AC] [BC] : G^ = O.bl p = .528
(p > .05). The [AB] effect already tested is accounted for by its
inclusion in. all the models. The interaction [ABC] , or ’saturation’
model as it is known, is not tested because the marginal table used
in loglinear analysis to relate all three variables would be the data
itself.
Table' 7-2 (A) Role by (B) Location: A x B
LOCATION
ROLE
A2
Public Staff
B^ Entrance 31 3
B2 Fire Exit 30 11
(61) (1U)
Table 7-3 (A) Role by (C) MSB Exit Used A x C
ROLE
EXIT USED
*1 A2
Public Staff
C^ Entrance 37 1
C2 Fire Exit 2k 13
(61) (1M
Table 7*^ (B) Location by (C) MSB Exit Used: B x C
LOCATION
EXIT USED
C-^ Entrance 
C^ Fire Exit
B1 B2
Entrance Fire Exit
29 Q
5 32
(3U) (Ul)
(3U)
(Ul)
(.75)
(38)
(37)
(75)
(38)
(37)
(75)
Table 7*5(a) Fitting Independence Model to Marginal table 1.2:
(A) Role by (B) Location
2Model df G- Significance
[A] [B] 1 k.22 0.37 <-05
(b) Fitting Models to table 7*1. (A) Role by (B) Location by 
(C) MSB Exit Used
Significance
.000 
.000 .00*1
.528 >.05
Model df G2
(1) [AB] [C] 3 k3.11
(2) [AB] [AC] 2 28.79
(3) [AB] [BC] 2 11.37
W [AB] [AC] [BC] 1 O.kl
Tables 7-2 - 7.^ show more clearly the nature of associations 
between the pairs of variables A x B, A x C, B x C already des­
cribed:
(1) staff were predominantly located towards the fire exit end.
(2) staff, with one exception, left via the fire exit.
(3) people, if located near the entrance, tended to leave via
the entrance, if near the fire exit via the fire exit.
In the sample of 75 5 half left via the entrance (N = 38), the 
remainder via the fire exit (N = 37). More of the public left via 
the entrance (N = 37) than fire exit (N = 2k).
The remainder of the analyses presented examine other factors 
besides the role and location which might have contributed to 
the pattern of exit choice behaviour.
(b) (A) Group Membership by (B) Group Attachment at cue by (C)
Exit Used (see Appendix 2: Tables J .6 and 7-7)
This analysis indicated that the type of group membership (mixed 
or family) had no direct bearing on the location or exit used by 
individuals. However, group attachment was related to exit used. 
On this basis 'group membership' was excluded from the subsequent 
analysis. Group members were, in fact, predominantly from family 
groups (50/63 = 0.79) • In this and the following analysis, the 
total N = 63 are all the members of the public with group attach­
ments and three members of staff who had family group members 
present.in the MSB. These three were retained in the sample 
since it was assumed that having a family attachment could take 
precedence over the demands of role (i.e. staff membership). Two 
members, of the three man band and a waitress whose husband was in 
the band have been retained in the analysis. One member of the
public who was 'alone' (i.e. no group attachments in the whole 
building) was excluded together with the remaining 11 staff. The 
latter had no clear sub-group.attachments.
(c) (A) Attachment at cue by (B) Location by (C) Guidance by (D) Exit Used
The final analysis concentrates on. the three variables it was predicted 
might be associated with the use of the different exits from the MSB 
by group members. Table 7.8 represents the full 2 x 2 x 2 x 2 cross­
classified table of frequencies for A x B x C x D: (a) Attachment
at cue by (B) Location by (C) Guidance by (D) Exit used. The clearest 
pattern of association would be one in which cells A1 B1 Cl pi and 
A2 B2 C2 D2 of Table 7.8: would contain frequencies and the other 
cells zeros or much lower.frequencies. Any deviation from this might 
represent an underlying linear scale 111, 1112, 1122, 1222, 222 or 
additional qualitative differences which could be represented 
in a POSA. If there is no underlying 'dimensionality' or association 
between variables., the frequencies in Table 7.8 would be closest to 
an independance model [A] [B] [C] [D], i.e. not deviating significantly 
from frequencies expected by chance.
The results of the CLA are presented first. The variables were>:logically 
ordered to be consistent with a temporal model. Each variable beginning 
with (A) constitutes a potential explanatory variable for the variable 
which follows it in time A ■ —^ B ,- AB— ^C, ABC — ^D.
(A) Attachment at cue by (B) Location
The first part of the analysis examines whether proximity or not to 
other group members (who were mostly situated outside the MSB) 
increased or reduced the likelihood of individuals locating themselves
Table 7*8 (A) Attachment at cue by (B) Location by .(C) Guidance by
(p) MSB Exit Used: A x B x C x D '
ATTACHMENT AT CUE
LOCATION
GUIDANCE*
MSB
EXIT
USED
A1 A,2
Separated Attached
BI B,1 B1 B2
Entrance Centre or Entrance'. Centre or
Fire Exit Fire Exit
C1
OJ
o
C1 • °2 ci C2 c i C2
NG G NG G NG G NG C-
D-^  Entrance 12 0 2 k 16 0 0 3
D^ Fire Exit 1 0 0 0 1 1 11 12
(37)
(26)
(*NG = No Guidance, G = Guidance) (63)
at the entrance or towards the centre and fire exit. Any link there 
might he to .(C) and (D_) , is ignored for the moment as it is logically 
impossible for them to exert a causal influence on the preceding 
(A) and (B) variables.
The independence model [A] [B] fitted to the A x B  marginal Table 7*9 
gave a level of significance of G = *+.09 9 p = .Oil (p < 0.5)* Thus 
the estimated frequencies for the [A] [B] model were significantly 
different from the actual frequencies. A and B are associated. This- 
[AB] association is confirmed by a U = .05, p = .Oil (p < .05). The 
marginal Table 7-9 (a) indicates that, the majority of separated
individuals (13/19 = .07) were initially located near the entrance, 
end of the MSB- (cell A1 Bl). A.number of attached individuals were 
sitting at the entrance end when they were first alerted by a cue.
(l8/ii = O.il). However, attached individuals were more likely than 
separated individuals to be located in the centre or at the fire 
exit end.. A measure of $ which takes into account the proportions 
in opposite cells of the table confirms this imbalance in proportions 
of separated and attached individuals at each end of the MSB:
= PI PU/P2 P3 = 6 x 18/13 x 26 ■= 0.32. (This measure of $ described 
by Everitt (19779 PP 31-3*0 as a measure of ’relative risk’ of a 
particular outcome,is used slightly differently here in terms of the 
implications one could draw. Being separated and therefore at the 
entrance end does not necessarily imply a greater 'risk' to these 
individuals: see subsequent discussion. £ is equivalent in 'meaning'
to the 'relative likelihood' of an outcome in the present chapter). 
Interestingly all of the 10 adults in the sample with their own child­
ren present in Summerland (in 7 cases outside the MSB) located themselves
Table- 7*9 (a) (A) Attachment at cue by (B) Location: A x B
ATTACHMENT AT CUE
Separated Attached
LOCATION
B^ Entrance 13 18 (31)
B2 Fire Exit 6 26 (32)
(19) (kk) (63)
(¥ = P^^/PgP = 6 x 18/13 x 26 = .32)
(b) Fitting Independence Model to the above date gives:
,2Model 
[A] [B]
df
1
G“ Significance
U.09 ' .Okl <.05
Table 7*10 (a) (A) Attachment at cue by. (B) Location by 
(C) Guidance: A x B x C
(LOCATION)
(GUIDANCE)
NT AT CUE.) A1 A2
Separated Attached
\ Bi B2 Bi B2
Entrance Fire Exit Entrance Fire Exit
C^ No guidance
\
13 2 17 11
/
C^ Guidance 0 1+ 1 15
(13) (6) (18) (26)
(b) Results of fitting models to the above data:
Model df G Signifi.cance
(1) [AB] [c] 3 27-95 .000
(2) [AB] [AC] 2 26.^ 5 .000
(3) [AB] [BC] 2 1.28 .533 V o VJI
W [AB] [AC] [BC] 1 1.28 .257 V o vn
(U3)
(20)
(63)
at the entrance end (see the MSA-1 : Figure 7*5: Appendix 3).
(A) Attachment at cue by. (B) Location hy (C) Guidance
Table 7.10 (a) represents the contingency table for variables A x B  
x C and Table 7-10 (b) the models vhich were fitted to the data. The 
[AB] effect alheady tested is accounted for by its inclusion in all 
the models. The outcome variable (C) is also included in each of 
the models tested. In this way it is possible to concentrate on the 
first-order relationships between variables A x C, B x C.
Two models fit the data (at p >-.05): [AB] [BC]: G2 = 1.28 (p = .53) 
and [AB] [AC] [ B C ] G 2 = 1.28. (p = .26). The fact that an [AC] effect 
in the full pairwise model does not markedly increase the degree of fit 
to the data is indicated by (a) the lower significance level for p*
(b) partitioning of G2 (3) —  G2 (U) = .0003 (df = 1, p > .9) (c) the 
U value for [AC] = .0000, p = .99 ( > .05). The simplest best fitting 
model is [AB] [BC]. The U coefficient value for [BC]: U = .318, p s 
.000 ( < .05) indicates that variables B and C are strongly associated. 
The lack of association between A x.C is reflected in its marginal 
Table 7*11 and a ij; = 0.^7. The low $ value for the frequencies 
in the B x C marginal table 7*12: = .02 indicates that proportion­
ally less people at the entrance end received direct guidance to an 
exit than at the fire exit end (or in the centre). To summarise the 
distribution of frequencies (i) all except one of those at the entrance 
end received no guidance to an exit (30/31 = 0 .97). (ii) while a 
number of those at the fire exit end (or in the centre) did not get
Table 7.11 (A) Attachment at cue by (C) Guidance: A x C
ATTACHMENT AT CUE
A1 A2 
Separated Attached
GUIDANCE
C^ No guidance
C2 Guidance
15 28
k 16 .
(19) (kk)
(b3)
(20)
(63)
? = p1pi^/p2P3 =  ^x 28/15 x 16 = 0.U7
Table 7*12 '(B) Location'by (C) Guidance: B x C
LOCATION
GUIDANCE
Bi
Entrance
B2
Fire Exit
C^ No guidance 30 13 (U3)
C2 Guidance 1 19 (20)
(31) (31) (63)
(■$■= P1P 1^/P2P3 = l x 13/30 x 19 = .02)
guidance to the fire exit (13/32' ■= OAl) those who did get guidance 
to the fire exit were located almost exclusively at the fire exit 
end (19/20 = 0.95)* Thus location in the MSB appears to have been an 
important determinant of whether'individuals got guidance or not 
to the fire exit, particularly if at the entrance end. Being at 
the fire exit end or in the centre did not, however, guarantee that 
an individual would get guidance to the fire exit.
In.the MSA-1, Figures 7*U and.7.-5 (Appendix 3) it ' 
was found that a number of those at the entrance end not receiving 
direct guidance to the fire exit did hear instructions by microphone 
from the stage directing-them ’to leave’ the MSB. These instructions 
did not include any reference to the fire exit and occurred only after 
the fire and smoke,rapidly spreading into the MSB,posed a clear threat 
to peoples lives. Five of the lU staff recalled giving instructions 
to the public to leave. Most people were directed to the fire exit 
by the manageress of the MSB. Except for her efforts (she was almost 
the last to leave), there was limited guidance by staff to the fire 
exit.
(A) Attachment at Cue by (B) Location by (C) Guidance by (D) MSB 
Exit Used
In the final stage of the analysis models were fitted to the overall 
A x B x C x D table of frequencies (Table 7.8). This contingency 
table contains a number of ’sampling zeros'. Analysing the table as it 
stands means negative or zero degrees of freedom are encountered in 
the loglinear analysis. A solution is to add a small constant such as 
.05 to every data value and refit the models. (For further discussion
of the application of loglinear analysis to tables such as this 
with sampling zeros see Everitt, 1977, Chapter 6; Fienberg, 1977 
Chapter 8). A suitable constant recommended in the LOGLIN program 
(Gilbert, 1981) is the reciprocal of the number of cells in the table.
This produces a constant for each cell of Table 7-8 of l/l6 = .0625.
Table 7-13 lists the various models which were fitted to the overall 
2 x 2 x 2 x 2  table of frequencies (Table 7*8). Any possible inter­
relationships between [ABC] exclusively have already been explored..
The [ABC] 'effect' is accounted for by its inclusion in each of the 
models tested. The outcome variable D is also included in each of 
the models. '
Two of the models fit the data at. p > .05. [ABC] [ABD]: G2 = 8.0,
p = .09 and [ABC] [ABD] [BCD]: G2 - 8.0, p = .83.
. . .  2'Partitioning' of the G into its
additive components reveals a significant difference between the two 
models: G2 (9) ~ G2 (12) = 7-63, df = 2  (p < .05). The more com­
prehensive model (12) [ABC] [ABD] [BCD] is therefore adopted as the 
best fitting model. The importance of both the [ABD] and [BCD] inter­
actions is confirmed by reference to their U coefficient values both 
of which5 in contrast to other possible interactions, are significant
at p < .05: [ABD]: U = .101, p = .01 (p < .05); [BCD]: U = .116, '
p = .01 (p < .05); [ACD]: U = .015, p = -27 (p < .05); [ABC] : U- = .0001,
P = *95 (p > .05). Although pairwise associations were found between
[AB] and [BC], no interaction [ABC] was found (as indicated by the very 
low U value).-
TABLE 7*13 Results of fitting models to the data in.Table 7.8
to detect relationships "between [A] Attachment at cue
[B] Location [C] Guidance [D] MSB Exit Used
Model df G2 Significance
1. [ABC] [D] . 7 53.6 .000
2. [ABC] [AD] 6 36.9b . 000
3. [ABC] [BD] 6 26.51 .000
k.. [ABC] [CD] 6 U6.89 .000
5. [ABC] [AD] [BD] 5 13.63 .018
6. [ABC] [AD] [CD] 5 ' 31.6k .000
7. [ABC] [BD] [CD] 5 26.26 .000
8. [ABC] [AD] [BD] [CD] . . k- 13.^7 .009
9. [ABC] [ABD] U 8.0 .091 .05
10. [ABC] [ACD]- k 30. kk .000
11. [ABC] [BCD] k 20.01 .001
12. [ABC] [ABD] [BCD] 2 0.36 .83^ .05 *
13. [ABC] [ABD] [ACD] 2 7.83 .020
lU., [ABC] [ACD] [BCD] 2 6.85 .032
* Best fitting model
To clarify the nature of the interactions between [ABD] and [BCD] 
the U coefficient values for potential pairwise associations between 
variables, A, B, C and the outcome variable D are considered first.
The U values for the pairwise associations indicate strong [AD] and 
[BD] effects, but that the [CD] effect is not statistically significant. 
[AD]: U = .187, p = .001 ( < .05), [BD]: U = 0.26, p = .0001,
( < .05), [CD] = .005, p = .568 ( > .05). The marginal tables for 
A x D, B x D, and C x D (Tables T-1U to 7*l6) reveal the nature of 
the frequency distributions. From Table 7*1^ (A x D) it can be . 
seen that equal numbers of separated and attached individuals used 
the entrance (18/37 = 0.^9 were separated) and attached individuals 
were just as likely to use either exit. However,
(i) All except one of the separated individuals left via the 
entrance (18/19 = 0.95)
(ii) All except one of those using the fire exit were attached
(25/26 = O.96).
The higher proportions of separated individuals leaving via the 
entrance and attached individuals leaving via the fire exit is reflected 
in a ip = PI PU/P2 P3 = 1 x 19/18 x 25 = .0^ -. The imbalance in the 
respective exits used can be summarised most simply as follows:
separated individuals generally used the entrance;
attached individuals were slightly more likely to
use the fire exit but many used the entrance. Cell
A1 D2 represents an individual who was an exception to
this pattern, i.e. despite being separated used the fire exit.
Table 7.lU (A) Attachment at cue by (D) Exit Used: A x D
EXIT USED
Table 7.16.
ATTACHMENT AT CUE
1 A2
Separated Attached
D^ Entrance
D2 Fire Exit
18 19
1 25
(37)
(26)
(19) (UU) (63)
(? = P1P1|/P2P3 = 1 x 19/18 x 25)=- .0*0
Table 7.15 (D) Location by (D) Exit Used: B x D
LOCATION
Bi
Entrance
B2
Fire Exit
D,- Entrance
EXIT USED
28 9
D2 Fire Exit 3 23
(31) (32)
( 5 =
Pl V P2P3 ==3 x 9/28 x
(37)
(26)
(63)
■(C) Guidance by (D) Exit Used: C x D
GUIDANCE
C1 C2 
No guidance Guidance
D1 Entrance 30 7
EXIT USED
D2 Fire Exit 13 13
(b3) (20)
(37)
(26)
(63)
( $ = P1P!t/P2P3 = 13 x 7/30 x 13 = 0.23)
Table 7*15 (B x D) is simpler in the sense that the exit.used can be 
related more exclusively to one ■■or .the other of the location categories. 
Thus, proportionally more individuals located at the entrance end used 
the entrance end and proportionally more of those located near the 
fire exit (or in the centre) used the fire exit. However, there were 
again some exceptions to the pattern: this more often being individuals
who despite not being at. the entrance end used the entrance (9/37 : 0.2U). 
Three of those who used the fire exit had been located at the opposite 
entrance end (3/26 = 0.12). The if = PI PU/P2 P3 = 3 x 9/28 x 23 = ’.0U.
Table 7*16 (C x D) reflects the lack of association between [CD].
Thus, although many of those receiving no specific guidance to an exit 
used the entrance (30/U3 = 0.7) and many who were guided used the 
fire exit, guidance considered independently of any other variable did 
not determine use of one exit or the other. This is because too hgih 
a proportion of individuals used the fire exit in spite of receiving 
no guidance and the entrance in spite of receiving guidance to the 
fire exit. The if = PI Pi+/P2 P3 = 13 x 7/30 x 13 = 0.23, should there­
fore not be interpreted as indicating a clear association between the 
variables. Guidance was less important than (B) attachment at cue 
or (C) location as an influence on exit choice.
Figure 7*9 illustrates the potential causal paths between pairs of 
variables and those found in the overall CLA represented by thick arrows 
and larger U coefficients. While Figure 7-9 provides a useful 
summary of the simple links between variables it does not represent 
the [ABC] [ABD] [BCD] model which was found to have the closest 
statistical fit to the data in the A x B x C x D Table 7*8. Table
Figure 7.9 Causal paths between pairs of variables found in the 
Loglinear Analysis (indicated by thick arrows and 
larger U coefficients)
A ttac h me n t Exit Used
at cue . 137
Guidance .005
.05
.26
318
Location
7.13" (the fitted models) shows that pairwise models (5) [ABC] [AD]
[BD]: G2 = 13.63, p = 0.2 and (8) [ABC] [AD] [BD] [CD]: G2 = 13.^7 
p = .01, although close, failed to: reach the statistical benchmark 
(p > .05). Model [ABC] [ABD] [BCD] in contrast was highly significant 
(G2 = 0.36 p = .85, p > .05).
Unfortunately, there are problems in representing an interaction 
visually by the conventional causal diagram used to depict a 
temporal model, as in Figure 7-9 (see Gilbert, 1981 for further 
discussion). In addition, unlike regression based Path Analysis which 
is used with interval data, CLA cannot as yet take into account the 
total ’effect' of variables on each other by summing the products 
on each of the paths between two variables.
Bearing in mind these problems in visual and statistical representation, 
Figure 7-8- provides a useful summary of the simpler links between 
variables. To understand the [ABD] and [BCD] interactions further 
Tables 7-17 and Table 7*18 represent the data for A x B x D ana B x C 
x D. Table 7*17 illustrates that the relationship [AB] holds for one 
category of D and not the other. People using the entrance D1 were 
as likely to come from any of the category combinations of A x B in 
Table 7.17 (a). Thus, while one might be able to predict that many 
separated individuals (Al) would locate themselves at the entrance 
end (Bl) and use the entrance (Dl), similar proportions were attached 
at the entrance end and used the entrance. In contrast a very high 
proportion of those using the fire exit could be characterised by a 
particular attachment x location category combination: A2 B2 :
attached individuals located at the fire exit (or in the centre) account
Table 7.17 (A) Attachment at cue by (B) Location by (D) Exit Used:
A x B x D
Entrance used
D2 F. Exit used
A,2
Separated Attached
Bi B2 Bi B2
Entrance Fire Exit Entrance Fire Exit
or centre or centre
12 6 16 3
1 0 2 23
(13) (6) (18) (2 6)
(37)
(26)
(63)
Table 7*18 (B) Location by (C) Guidance by (D) Exit Used: B x C x D
D-^  Entrance used
F. Exit used
Bl- B2
Entrance Fire Exit 
or centre
ci C2 ■ ci C2
No guidance Guidanc e No guidance Guidance
28 0 2 7
2 1 11 12
(30) (i) (13) (19)
(37)
(26)
(63)
for 23/26 0.88 of those using the fire exit hut only 3/37 : 0.08
of those using the entrance..
The location variable (B) also appears in the second. [BCD] inter­
action found. In this case the association between [BC] is evident at 
one category level of D and not the other. Thus, individuals 
located near the entrance and. receiving no guidance to the fire exit 
all left via.the entrance.(BI Cl in Table 7.16); a. number of those 
not located at the entrance end and receiving guidance also left via 
the entrance (B2 C2). Table 7-18 shows that whether one got guidance 
or not neither increased or decreased the likelihood of those at the 
fire exit (or in. the centre) using the fire exit (B2 D2). Being 
located at the entrance meant, that people were outside the physical, 
area in which, both staff, were generally located and guidance to the 
fire exit was available. The lack of guidance (Cl) for those at the 
entrance end (Bl) could have reduced the numbers using the fire exit.
As there was no association between [CD] it appears that the guidance 
variable is more likely to reflect initial location than be an 
absolute determinant of the direction of movement.. Guidance was neither 
associated with the other variables (A) attachment, nor could be said 
to mediate the relationship between [AD] and [ABD] found.
One way to explore the causal relationships between categories further 
is to see whether the pattern of ’profiles' for individuals is consis­
tent with a cumulative scale or POSA. Not only does this take into 
account the underlying pattern of profiles representing all four 
variables (A x B x C x D) it also highlights individuals who were 
exceptions to this pattern. The statistical relationships found in
the CLA. between [AB] [BC] and [ABD] [BCD] complement the analysis
of the profiles.
(d) Mapping Sentence 2
Figure 7*10 represents the mapping sentence for MSB exit choice 
behaviour based on the four variables. The 2 x 2 x 2 x 2 = 1 6  
possible profiles representing all possible category combinations 
for individuals are equivalent to the cells of the contingency table 
for A x B x C x. D used in:the CLA. Cells with zero frequencies 
in Table 7*8 represent profiles excluded from the subsequent 
POSA. Table 7«19 defines the 10 of the l6 logically possible 
profiles characterising the 63 individuals in the sample. The varia­
bility in the frequencies of these different profiles reflected in 
the CLA. is indicated at its simplest level by the percentage totals 
in Table 7* 19.- The frequencies which formed the basis of the 
CLA appear in brackets below the profiles in the POSA (Figure 7-il)*
Examining the profiles, it can be1seen that there' is not a simple 
linear ordering as might be expected from a Guttman Scale. In other 
words, there is more than, one order possible, e.g. Profile 1111 could 
be adjacent to 2111, 1112 or'1211, indicating the increasing number 
of categories associated.with the use of one or the other of the 
exits. A simple cumulative or linear scale would consist of 
profiles: 111, 1112, 1122, 1222, 2222. These profiles represent
2^/63 = 0.38 of the sample. The R < 0.9 indicates that the profiles 
are not consistent with a single scale. The dimension from the 
top to the bottom of the POSA reflects the fact that in general profiles 
with more 'ones* in the string are associated with the use of the 
entrance, whilst those consisting of a greater .number of ’twos’ are
Figure 7-10 Mapping sentence for choice of MSB exit route by
members of public
. person (x) escaping from the Marquee ShowbarThe likelihood of a
A Group attachment
aT separated
who was initially
a„ attached
B Location • C Guidance to exit
c, no guidanceb, near entrance
was situated received
bg.near fire exit 
in centre
cp guidance
D Exit used
higha-, entrance
used frequencywas
d0 fire exit
Table 7.19 Explanatory profiles for choice of exit route from
MSB (by members of public).
Additive
Index
Definition of profile
A. B C D
N /0
b Separated, near entrance, no 
guidance, used ENTRANCE
1 1 1 1 12 19.0
5 Attached, near entrance, no 
guidance, used ENTRANCE
2 1 1 1 16 25.b
5 Separated, near entrance, .no 
guidance, used FIRE EXIT
1 1 1 2 1 1.6
5 Separated, near fire exit or in 
centre, no guidance, used 
ENTRANCE
1 2  1 1 2 3.2
6 Attached, near entrance, no 
guidanc e,.us ed FIRE EXIT
2 1 1 2 1 1.6
6 Separated, near-fire exit or in 
centre, guidance, used ENTRANCE
1 2  2 1 b 6.U
7 Attached,., near fire exit or in 
centre, no guidance,, used FIRE 
EXIT ‘
2 2 1 2 11. 17-5
7 Attached, near entrance, guidance 
used FIRE. EXIT
.2 1 2 2 . 1.. : 1.6
7 Attached, near fire exit or in 
centre, guidance, used ENTRANCE
2 2 2 1 3 b.Q
8 Attached, near fire exit or in 
centre, no guidance, used FIRE 
EXIT
2 2 2 2 12 19.0
(63) (100)
Figure 7«H Partial Order- Scalogram Analysis (POSA) of Exit Choice 
Behaviour -within the MSB (for coding scheme see tables 
7.8 and 7.18) - •A dditiveIndex ABCD
( 1,2 )
12212112o
222121225 2212
222212
associated -with the use of the fire exit. .The lateral spread of 
profiles represents variations of a more qualitative nature incon­
sistent with a single cumulative scale.
.Four profiles: 111(12), 211l(l6), 2212(11),2222(12) represent QO.1%
of the sample. The ’path’ on the right side of the POSA: 1211 -
1221 - 2221 represents less likely exceptions to the predominant 
pattern of exit choice behaviour:the 9/32, (= 0.28) individuals who 
despite being located;by the fire exit (or in the centre) left via 
the entrance. Six of' these 9 individuals had been separated at 
cue. For these individuals the fact they were separated was evidently 
a more important influence on exit choice than location. Three 
individuals (2221) left via the entrance despite being attached at 
the fire exit end-(or in centre) and receiving guidance.
The 3 individuals who were exceptions to the overall pattern of 
categories associated with use of the fire exit were the only members 
of the public located at the entrance end who did.not use this exit
(3/31 = 0.1) : profiles: 1112--- 2112---- 2122. One of these three (1112)
was the only one of the 19 separated individuals to leave via the fire 
exit. (His interview account indicates that he tried to leave via the 
entrance to follow his wife who had already left in search of their 
children. Encountering fire and smoke at the entrance he was forced 
to cross over and leave via the fire exit). The two other exceptions 
to the pattern of fire exit use were the only individuals attached 
and located at the entrance end who did not leave this way. One 
of these two (2122) was also the only individual located at the 
entrance end who received guidance to the fire exit. The three members
of staff included in the sample because of their group attachments 
had the profiles 2212, i.e. consistent with the general pattern of 
movement to the fire exit by individuals located towards that end 
of the MSB. •
The ’causal’ links for the four profiles representing 80.1 per cent of 
the sample are illustrated by Figure 7*12. 28/37 = O .76 of those using
the entrance are represented by profiles 1111 and 2111, 23/36 = 0.61+ 
of those using the fire exit by 2212 and 2222. The proportions next 
to the arrows linking categories in Figure 7*12 represent the proportions 
of category combinations following particular categories. Thus, for 
example, 0.63 of those individuals separated at cue,. Al, were linked 
to Bi Cl Di (12/19 - 0.63) and. no other category combination. CT.92 
of those separated at cue and located at. the entrance, Al BI,,received 
no guidance and left via the entrance Cl Dl (11/12 = 0.92). From 
Figure 7*12 it can be seen that (i) the likelihood of using the 
entrance (Dl) or fire exit (D2) increased with particular category 
combinations (ii) while one could safely predict that individuals 
located at the entrance end (Bl) would not receive guidance (Cl) 
and leave via the entrance, the likelihood of receiving guidance (C2) 
or nor (Cl) prior to using the fire exit could not be predicted from 
knowledge of the first two categories. Variation in the first string 
precedes Bl Cl Dl. In the second string the link A2 B2 D2 is strong, 
with the nature of guidance apparently making little difference to 
the likelihood of using the fire exit.
Figure 7-12 SCHEMATIC REPRESENTATIONS:-
(a) Main causal links and variations between 
categories of variables A x B x C x D 
accounting for Q0% of MSB exit choice 
behaviour by group members. (Code below*)
FREQUENCY
12
16
PROFILES ATTACHMENT LOCATION GUIDANCE EXIT USED 
AT CUE -
1 1 1 1  
2 1 1 1
11
12
2 2 1 2  
2 2 2 2 .8
51
(b) Main pairwise causal links between categories
within variables associated: [AB]; [BC], [AD], [BD]
Corresponding tables 
(T«9) (7.13) (7.1*0
.59 .95
7.15)
* CODE:
ATTACHMENT
Separated
^A^Attached
LOCATION
^ ^ N e a r  Entrance
^B^Near Fire Exit 
''or centre
...GUIDANCE.
CO\No guidance
Guidance
■1 EXIT USED 
Entrance 
D^Fire Exit
These links B1 Cl D1 and A2 B2 D2 and the main proportions for the 
pairwise links represented, in Figure ,7.12 (b)underlie the 'causal' 
associations and interactions found between [AB] [BC] [BCD] and [ABD]. 
(The figures for the pairwise assocations are calculated on the 
basis of proportions of the column totals in the marginal tables, 
e.g. from Table 7*9 13/19 = 0.68. The pairwise links in Figure
7.12 (b) account for 0.9 of the variance in A x B, 0.98 in B x C,
O.98 in A x D, 0.8l in B x D). The categories of the B variable 
are closest to providing an independent association with each of 
the categories of D (D1 or D2). However, as has been pointed out, 
the attachment variable (A) was an important determinant of 
location and subsequent exit choice .
Figure 7.13 provides a summary in schematic form of the predominant 
pattern of exit choice behaviour found in the analysis. The arrows 
indicate the main direction of movement out of the MSB by people 
defined in terms of categories of the variables studied.
DISCUSSION
The'pattern of exit choice behaviour revealed by the MSA-1, POSA 
and CLA was in general consistent with the affiliative model. The 
group membership and attachment variables were included in the analyses 
on the basis of the reasons individuals gave for their behaviour as well 
as the fact that the affiliative model (see Chapter 2) suggested these 
factors would be important. Group membership (family/mixed) was not 
statistically related in the CLA to attachment at cue or the main
Figure 7*13 Schematic diagram of main pattern of Exit 
Choice Behaviour -within the MSB
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outcome variable-of interest : exit used. However, proximity or 
not of group members (considered independently of group type) -was 
found to be related to the choice of escape route. Mixed group 
members did form a small, proportion of the overall sample and this 
made it difficult to examine the inter-relationship between group 
type and other variables. Table J.6~ group membership by attachment by 
exit, shows that most of the separated individuals were from family 
groups (16/19 = 0.8L of separated individuals)*, the association may be 
confounded by the large proportion of family group members who 
were attached (3L/.LL = 0.77)* Closer scrutiny of the interview 
accounts of individuals reveals references?by people leaving the 
MSB via the entrance,.to other group members located elsewhere in the 
building. Two mothers, in particular, left the MSB rapidly at the 
first signs of the fire to look, for their children. Of the 10 
adults in the MSB with their own children in Summerland (in 7 cases 
elsewhere) 9 left via the way they entered. It is clear from the 
interviews that all the individuals who left early to look for other 
group members left via.the entrance. People were apparently unaware 
that the other exit provided a more direct and potentially less 
hazardous route to the Play Area where a number of children were 
located.
A number of individuals referred to the nature of guidance to the 
fire exit or directions to leave once the fire threat was clear.
In general, the lack of association between guidance and exit, i.e.
[C] [D] and the association including the location variable [BCD] 
which was found,reflects the fact that any influence of guidance on exit 
choice behaviour was secondary to the location of individuals in relation
to (l) other group members (2) the alternative exits. Individuals 
at the entrance end did not receive guidance to the fire exit.
Guidance did not guarantee use of the fire exit. Being located at 
the entrance or away from.the entrance was a more important influence 
on the direction of movement.
The fact that all but one of the staff left via the fire exit reflects 
the importance of their knowledge of the fire exit and north east 
staircase (as a route to work). The relationship between role and 
exit used found is consistent with the affiliative model. The fact 
that staff members were far less likely than the public to be located 
near the entrance also demonstrates the importance of location as 
a mediating variable. But the reasons for-a person being in a 
particular location have to be taken.into account in explaining the 
direction of movement. Just as guidance was likely in a particular 
location, group attachment and role influenced both the choice of 
location and subsequent behaviour. Location might well have pre­
disposed people to move towards an exit which was nearer, but was by 
no means the sole determinant of the direction of movement.. Where the 
fphysical-science model*is misleading is in too great an emphasis on 
physical parameters such as distance to exit and exit width.
Important implications arise out of the interrelationships found in 
the models which fitted the data, in particular the fact that (a) 
location in the MSB could be predicted from knowledge of whether 
the individual was separated from the group (b) attachment at cue was 
independently associated with exit used [AD] and figured in the 
interaction [ABD] (c) role and attachment at cue were associated
independently with location.
A general implication is that there are social-psychological factors 
which predetermine where certain people locate themselves in a 
physical setting (whether there is a fire or not). These factors 
reflect the normal use of the building. If a fire breaks out what 
may look like movement determined by. the physical environment 
(in particular location) is influenced by social-psychological 
factors . The psychological, ties between group members became more 
rather than less important as the threat became apparent.
It is likely that a person’s choice of location was influenced by 
other factors besides group separation, for example. whether the 
seats at the entrance were the first empty ones encountered, 
the distance from the stage and bar. However, the fact that 
an individual's location and exit use were so strongly influenced 
by the wherabouts of other group members, role (and by implication 
familiarity),. indicates how important it is to not concentrate on the 
physical parameters of escape route design while ignoring the main 
social-psychological factors which determine the use or lack of use 
of particular escape routes.
Support was not found for a panic scenario or Stahl’s- ’consensus
decision1 proposition, that everyone would leave through one exit. 
Clearly, the nature of a consensus may well depend on the numbers 
and nature of the group members involved. There is, however, no 
clear precedent in: the study for saying that everyone in a physical 
space will necessarily leave the same way in an emergency. The 
MSB setting had both the commonly accepted determinants of 
competitive panic behaviour, i.e.' (a) an impending physical threat 
to the lives of people situated in the same physical space (b) access 
to escape route(s). diminishing rapidly. Despite this r np> clear 
evidence was. found for panic behaviour: or, more importantly, 
that the panic concept helped at all in explaining the pattern 
of exit' choice behaviour which did occur. Since there has been no 
previous detailed statistical study of escape behaviour in a field 
setting of this kind, the present study has considerable advantages 
over the large amount, of anecdotal descriptions of panic behaviour 
which exist in the literature (see Chapter 2 and Sime, 1980).
A theme returned to in the discussion Chapter 10 of the thesis is 
that of environmental determinism,evident in the application in 
design of principles based on the physical-science and panic models 
of escape behaviour. While the study in this Chapter has little to 
say directly about factors important to designers such as exit width, 
exit sign visibility (i.e. ’static’ aspects of the physical environ­
ment) it does indicate the dangers in assuming a simple, one-to-one 
relationship between a physical factor such as distance to an exit, 
or the fire itself and preference for using the exit. Escape behaviour 
from the MSB followed direct knowledge of the fire. Clearly, the 
rapid movement when it did occur was prompted by the imminent danger
(i.e. ’dynamic’ or changing environment of the encroaching fire).
The present Chapter has indicated that while location and the building 
layout are important, in that they constitute the physical setting 
for the behaviour, they are not the blueprint for this behaviour-.
The interactions found between [ABD] and [BCD] are a reminder of the 
’interaction’ between people and their physical environment alluded 
to generally in the environmental psychology literature (e.g.
Canter, Stringer, et al,1975)■ • In other words, both psychological 
and physical factors have to be taken into account in explaining 
the pattern of movement from an enclosed physical space. The 
results of the study reported in this Chapter are consistent with 
the general principle of the affiliative model of escape behaviour# 
that people when faced by a physical threat have a strong tendency 
to head towards . ’ familiar persons.and places,’
SUMMARY
An analysis of exit choice behaviour in a fire was reported. The entrap­
ment setting selected for study, the Marquee Showbar in the 
Summerland Fire 1973, had a fire exit and entrance in opposite corners. 
The aim of the study was to examine (a) which exit individuals left 
by (b) what prompted individuals.to leave by one or the other.exit.
The number of variables and. categories potentially relating to 
exit choice behaviour, derived from 75 witness statements, was 
reduced on the basis of (a) content analysis (b) preliminary statis­
tical analysis of the frequencies. Variables selected for study were 
based, on those (a) the respondents mentioned as important (b) previous 
literature relating to the panic scenario and affiliative 
model. Following an MSA-1 analysis of a number of potentially
important variables based on a preliminary mapping sentence for exit 
choice behaviour, the variables and categories were reordered to be 
consistent with a ’recursive’ or temporal model (i..e. the unfolding 
fire event in time). The pattern of exit choice behaviour was then 
analysed by POSA and CLA. The model which fitted the data for a 
comparison of (A) Role by (B) Location by (C) Exit used were:
[AB] [AC] [BC] indicating that (a) public and staff were in general 
more likely to be located at different ends of the MSB (the staff, 
nearest the fire exit); (b) staff were more likely to use the 
fire exit (c) people were more likely to use an exit they were located 
near. Individual differences were reflected in the POSA.
In a subsequent analysis no relationship was found between (A) Group
Membership and (B) Attachment at. Cue or (A) and (C) Exit used.
Variables (B) and (C) were related. Separated individuals were more
- likely to leave via the entrance. (Models fitting the data here were: 
[A.]: [B],[A] [C],.[BC]). On the basis of this analysis Group member­
ship was excluded from the final analysis of the interrelationships 
between (A). Attachment at cue (B) Location (C) Guidance (D) Exit 
used for the 63 individuals with group attachments. Models fitting 
the data in the CLA were as follows: [AB] [BC] [ABD] [BCD]. The
pattern of interrelationships between categories of the variables 
was clarified in greater detail by a POSA: in which 10 of the l6
logically possible profiles were represented. The limited number of 
exceptions to the overall, pattern of exit choice behaviour were 
reflected in the POSA.. The interactions between [ABD] and [BCD] 
indicated that although (B) location might appear to explain which 
exit was used, it was mediated not only by role, but by (A) attachment 
at cue. Guidance (C) was not related independently to (D). Whether 
people received guidance or not and in turn used a particular exit, 
was dependant on location. Choice of location itself was influenced 
by ’group attachment’: separated individuals were most likely to be
found at the entrance end of the MSB and in turn left via the entrance.
Strong support was found for the affiliative model of escape behaviour. 
No evidence for competitive 'panic’ behaviour was found in the MSB.
The discussion of the results stressed (l) the importance of the social- 
psychological factors of group attachment and familiarity through role 
in the building, as determinants of the direction of movement and (2) the 
architecturally ’deterministic’ nature of the physical-science
'model’ and panic scenario.
CHAPTER 8
AFFILIATIVE BEHAVIOUR IN THE SOLARIUM DURING ESCAPE 
INTRODUCTION
This Chapter is concerned with examining the pattern of affiliative 
behaviour in another part of Summerland, the central Solarium 
Area. In particular, the analysis examines the degree to which 
the escape behaviour was characterised by self-preservation and 
a complete breakdown of group cohesion, as panic behaviour is 
described, or affiliation. The possibility that individual group 
members might, gravitate towards each other, or move as a group 
independently of the other groups, has not. been a feature of 
previous descriptions of, flight behaviour. This chapter attempts 
to redress the lack of attention to group cohesion:in the litera­
ture. A question addressed is whether competition for an exit 
is the inevitable result of potential entrapment,as is implied 
by the concept of panic. What is interesting in ’testing’ the 
affiliative model is not simply the different interpretation of 
the 'blockage by people of an exit’, but whether group ties do 
in fact break down to the extent it. is implied in the previous 
research, media reports and building code literature (see Chapters 
2 and 3).
PROPOSITIONS
Despite the comparative neglect of group attachment in the research 
literature on escape behaviour, the proximity of attachment objects 
(i.e. people and places) is fundamental to the affiliative model 
(as outlined in Chapter 2). According to Mawson. (1980) , who questions 
the scientific validity of panic as a term, much of the flight behaviour 
in disasters' is characterised by movement' towards rather than away from 
.individuals with whom one has close psychological ties.
Several reviewers of the disaster literature have suggested that there 
may be a marked increase in affiliative behaviour by people faced, with 
a physical threat to their lives. As a starting point for the research 
described in this chapter a series of propositions or central ideas 
about affiliative behaviour in disasters are listed. These central 
ideas represent a relatively new and certainly unexplo-red view of 
response to potential entrapment, which is consistent with the 
affiliative model.
Mack and Baker (1961) in a summary of three studies of social responses 
to anticipated air-raid warnings suggest the importance of whom an 
individual is with at the time of being alerted to a signal:
(l) Mack and Baker (1961, pp L7-L8) :
-'’The interpretation of the signal varies with the 
type of primary group within which the individual 
is situated at the time the signal is presented,"
As an extension of this general principle they suggest that: '’Persons
situated in their own family group will tend to treat the signal more 
seriously than when situated in any other primary group.” They also 
suggest that an individual, who knows that his family is in the area 
potentially covered, by the signal, is more likely to interpret the 
signal, as valid than if the family is elsewhere.
(a) Hill and Hansen (1962, p 212)
, ( i )  "Even in violent impacts individuals continue- 
to act toward other persons and objects."
In danger, warning.and impact, the individual acts (a) "only toward, 
persons and objects he perceives as accessible to him in the available 
-time” and (b) "first toward the most intimate persons he perceives as 
accessible and subsequently toward less intimate persons and possessions
(ii) "Compared to other social groups the family is 
highly adaptive and protective in all stages 
of disaster."
As an extension of this proposition: "The presence of loved and valued
persons results in a heightened sensitivity to threat and motivation 
to act with respect to the threat."
(3) Mawson (1978) summarises the central ideas of his argument as 
follows:
"Where the individual is in close proximity With 
attachment objects, not even the more severe 
environmental threats ordinarily cause flight. 
Increased affiliative behaviour Is the usual 
outcome. On the rare occasions when flight does 
occur, individuals tend to move away as a group, 
thus maintaining proximity with attachment 
objects. "
(ii) "Where the individual is alone, or in close prox­
imity with strangers, even mild environmental 
threats will cause flight and affiliation to 
attachment objects."
The following factors appear to he particularly relevant to the study 
of affiliative behaviour in a threatening situation. These factors 
formed the basis for the selection and analysis, of the variables in 
the study about to be described:
(A) The identity of an individual’s primary group - (family/non-family)
(B) The proximity and accessibility of the primary group
(C) The degree of threat (ambiguity of cues)
(D) The outcome: escape with or without group members.
DESCRIPTION OF PHYSICAL SETTING 
(a) The Solarium
The Solarium was the central area of the Summerland building. The 
Solarium was situated on the.same level, as the' main entrance to the 
building (see Figure 7*1 in Chapter 7). The main entrance was in 
one corner of the Solarium. At one end of the Solarium was the 
Aquadrome, at the other the terrace bar, restaurant and amusements 
area (A.A.). One side of the Solarium (facing south) formed part 
of an exterior wall of the building. Outside this was the outdoor
(i)
terrace and mini-golf area where the fire started. The layout 
of the Solarium is illustrated most clearly by Figure 8.1 (a plan 
of the entrance level L).
A main, focal point of the Solarium was the stage in one corner from
which: members of the public, were entertained.. Typically people 
would sit in deck chairs lined up in rows around the sides, while 
the central space would be left free for general circulation. 
Photograph. 8.1 is a view of the interior of the Solarium looking 
towards the restaurant and A.A. The stage is on the left and the 
open plan, 'flying* staircase'on the right leading up to the upper 
floors where the Marquee Showbar (MSB), television viewing area and 
cruise deck were located (see Figure 7-1)• These upper floors over­
looked the Solarium. The balconies lining the upper-floors can be 
seen in the photograph. The MSB (see. Chapter 7) was located above 
the A.A. (on the right in Photograph 8.1). All members of the public,
except those going to the discotheque at the bottom of the Summerland
complex, would have to pass through the Solarium area before going to 
any other part of the building. The Solarium, therefore, constituted 
the central space in Summerland both geographically and as the focal 
area of the building. At the opposite end to the terraced upper 
floors, the Solarium was overlooked by the pool bar and the 'control 
room'. A girl was employed in the control room to make regular 
announcements over the public address system which could be heard in 
the Solarium, but not in enclosed areas such as the Marquee Showbar 
(MSB).
Paragraph 9^ of the Report by the Summerland Fire Commission (197^)
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describes the fire alarm system installed in the building. This was 
a two-stage system. ’An alarm transmitted by means of a manual call 
point was not immediately sounded as a public warning but could be 
investigated by the management before giving the alarm'.
There were several alternatives routes from the Solarium to the 
outside and other parts of the building: (a) the main entrance
(b) the glass doors nearby (c) an exit nearest to the fire origin 
(mini-golf course) (d). the locked glass doors leading via the Aqua- 
drcme to’ an exit staircase (e) three staircases leading to the 
lower floors (f) an exit leading to the rear north-east staircase 
and rear: exits from the building (g) the open plan ’flying’ stair­
case leading to the. three upper floors.
(b) The Fire Spread
The fire spread has been summarised in Chapter J. Details can be 
found in the report of the Summerland Fire Commission (197*0 « ‘The 
fire began in the kiosk outside the A.A. and one corner of the 
building (see Figure 8.1). Thus, it was at the same level as the 
Solarium. The Summerland Fire Commission (197*0 reports some 20 
minutes elapsing between the discovery of the fire in its early 
stages at 7^0 pm and the appearance and . spread of flames and smoke 
in the A.A. The flames rapidly spread through the A.A. and across 
the ceiling of the Solarium area. Neither the fire alarm nor the 
public announcement system (via the control room) was used. Indeed 
mechanical failure may have contributed to the failure of the alarm 
as well as members of staff not alerting people to the danger (see 
Summerland Fire Commission, 197**, paragraphs 165-169). Announcements
which"were made from the stage over the microphone system prior to
unambiguous cues in the Solarium, were aimed at pacifying and
reassuring the audience that there was only a minor fire. The
following series of announcements were made from the stage:
"Don't worry", "Stay seated", "It's only a minor fire", "We'll
play the Blue Danube to put it out". The verbal messages prior
to the direct appearance of the fire threat failed to indicate
the potential danger or the need to evacuate. Summerland Fire
Commission (197**, para 169):
"The only public announcement, to evacuate the 
building was given when glames were sweeping 
across the Amusement Arcade and peop le were 
already running towards the exits."
METHOD AND CODING
(a) Data Source
Of the 500 witness statements 1**8 were from people located in the 
Solarium at the time of being alerted by a cue. An estimated 
12 per cent of those in the Solarium are represented, by the sample 
(l**8/1250 = 0.12) (see Summerland Fire Commission, 197**, p 71)*
(b) , Definition of Variables and Categories
The variables and categories derived from a content analysis of 
the statements were reduced in size and frequencies aggregated so 
that those retained could be accommodated in a statistical analysis.
The variables and categories reflect factors of concern to indi­
viduals in their description of what occurred. Several variables 
such as 'crowd pressure' and 'objective fire spread' were imposs­
ible to measure. Another potentially relevant variable, 'location', 
could not be coded accurately for a number of individuals. 20 individuals
were excluded from the sample of lU8 because they did not .have a
clear primary group attachment. In most cases these were members of staff.
Each individual was coded as follows:
Variable
(A) Group Membership
(B) Attachment at cue
(C) Cue
(D) Affiliation at Exit
(A) Group Membership The category (l) Family means individuals 
whose group consisted exclusively of nucleus family members, i.e. 
husband, wife, children. In a few cases in which, a close relation 
such as grandparent, was also-present the individual was also classed 
as a family group member. The category (2) Mixed, applies to members 
of groups consisting of friends and/or relations. If a nucleus of 
family members and more than one friend/relation were in the same group, 
the individual-was classed as a 'mixed* group member.
(B) Attachment at Cue (l) Attached means an individual reported 
being with all, of the group at the time of being alerted for the first 
time by a 'cue'. (2) Separated means separated from at least one 
other group member. Separated implies not in the immediate proximity 
(i.e. elsewhere in the Solarium or building).
(C) Cue A cue is a change in the environment indicating something 
to be wrong or different from normal. The cue could be (l) ambiguous
Categories
(l) Family (2) Mixed
(l) Attached (2) Separated
(l) Ambiguous (2) Verbal
(3) Unamb iguous
(!) Affiliated (2) ' Separated
for -example hear noise, shouts, note ambiguous behaviour: running,
etc.) (2) verbal (e.g. instruction from a companion, announcement 
from the stage). (3) Unambiguous (see.smoke and/or flames, note 
unambiguous, behaviour: running with fire extinguisher, etc.).
(D) Affiliation at Exit (l) Affiliated and (2) Separated are 
equivalent to ’Attached' and. 'Separated' at cue (B) respectively 
except that- (D) applies to the point when leaving through an exit 
from the building.
(c) Order of variables and Categories.•
The order of variables A, B, C, D, is influenced by the statistical 
technique applied to the data. In. this chapter Causal Loglinear 
Analysis (CLA) is used in an attempt to unravel potential 'causal' 
relationships between the variables of interest (see Chapter *+ for 
further details). CLA limits the number of models which need to be 
tested in finding the closest fit between the 'observed' frequencies 
and those representing possible relationships between the
variables. The variables (A, B, C and D) have been ordered prior 
to the analysis to be consistent with a 'recursive' (or unidirectional 
causal model). Because a fire is a constrained temporal event it is 
possible to order the variables in. this way. Each variable beginning 
with (A) constitutes a potential explanatory variable for the variable 
which follows A --■>  B, A B — >C, ABC— ^D.
The categories within the variables were also ordered to be consistent 
with any potential underlying cumulative or partial order scale (as
in a-Partial Order Scalogram Analysis: POSA) (see Chapter **). In
this case, one would expect that the more 'ones' in the profiles 
(i.e. string of categories for individuals in the sample), the more 
likely a person would he affiliated, the more 'twos' the more likely 
they would.be separated as they left through a final exit. The first 
category of each antecedent variable is one that in terms of the 
affiliative model one would predict would be associated with the 
first category of any subsequent variable. Predictions, in terms of 
the 'cue' categories are in fact more problematic; these categories 
have been placed, in an order consistent with the fire's progression.
RESULTS
Table 8.1 presents the 2 x;-2 x 3 x 2 cross-classified table of 
frequencies for the variables A x B x C x D. Preliminary analyses 
revealed that the pattern of profiles (equivalent to cells In Table 
8.1) were inconsistent both with a unilinear cumulative scale: llll
   1112  1122   1132   1232 —  2232 = 33/128 = 0.26
(reproducibility coefficient R < 0.9) and POSA. Only four of the 
2 x 2 x 3 x 2 = 2k possible cells (profiles) had zeros and would 
therefore not appear in a POSA. The following CLA analysis examines 
the relationships between variables consistent with the temporal 
model.
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(A) Group Membership by (B) Attachment at Cue
The first part of the analysis examines whether there was any relation­
ship between the first two variables .(A) and (B). These variables 
represent potential situational constraints on subsequent behaviour. 
However,, any link there might be to (C) and (D) is ignored for the 
moment because it is logically impossible for them to exert a causal 
influence on the preceding (A) and.(B) variables.
To examine the relationship, the model [A] [B] was fitted, to the A x B
marginal table 8.2 (a)... A fit of this model to the data would imply
that (A) and (B) are independent, i.e. the type of group (A) would have
had no influence on the likelihood, of the individual being attached
2 2
or not at cue (B).. The value of G from a x distribution table gave
2
a level of significance of G = 1.6^1 p = 0.197 (p > -05). This 
implies that the model of no association [A] [B] fits the data. To 
measure the strength of association between variables (A) and (B) the 
uncertainty coefficient U is estimated. U is a measure of the proport­
ional reduction in fit consequent on the exclusion of an effect from 
a higher-order model including it. (See Brown, 1976; Gilbert, 1981, 
for further details of the ’screening' procedure used to establish U).
The low U value for [AB], U = .01 (p = .197, > .05) confirms the
lack of association between the variables.
It is still possible that (A) and (B) are associated within the 
different levels of the subsequent variables (C).or (D). The next
Table 8.2. (a) (A) Group Membership by (B) Attachment at Cue
GROUP MEMBERSHIP 
A]_ A
family
2 . 
mixed
ATTACHMENT
, Bl.
.Attached;:at Cue
57 22
AT CUE
■ B2 
Separated at Cue
30 19
(87) (Ul)
(79)
(U9)
(128)
(b) Fitting model [A] [B] to the table gives:
2Model af G Significance
[A] [B] 1 1.6b .197
stage of the analysis was to examine further possible relationships 
between (A), (B) as predictor variables and (C).
(A) Group Membership by (B) Attachment at Cue by (C) Cue
Table 8.3 represents the contingency table for variables A x B x C and
table 8.3 (b) the models which were fitted to the data. The [AB]
effect already tested is accounted for by its inclusion in all the 
models. The 1 outcome’ variable of interest .(C)- is also included in 
each of the models tested.. In this way it is possible to concentrate 
on the 'first-order relationships between variables A x C, B X-C.
A fit of (AC) only to the data, would imply that being a family or
mixed group member was related to the cue. independently of whether the
individual was with the group or not (B). A fit of (BC) only would 
indicate that, proximity. of .the group at cue was related to the type of 
cue, independently of group membership (A). Another possibility could 
be that both. (A) and (B) were related to (C) or neither (A) nor (fi) 
were related to (c) : the model of independence [AB] [ C ] T h e  inter­
action, [ABC], or 'saturation* model* as it is known, is not tested 
because the. marginal table used in loglinear analysis to relate all 
three variables would be the data itself.
2
Two models fit the data.(at p > 0.5) • [AB] [BC]: G = H.77 and the
p
full pairwise model [AB] [AC] [BC]: G = 3.Hi. ’Partitioning’ of the 
2G into its additive components.(see Fienberg, 1977) shows that the
2 2 
difference m  G for the two models when referred to a x table is
not significant: G2(3) " G2 (U) =1.36 (df = 2, p > .2). Thus the
inclusion of the [AC] effect does not markedly increase the degree of
Table 8.3 (a) (A) .Group Membership by (B) Attachment at Cue by
(C) Cue
*1
Family
A2
Mixed
Bi
Attached 
at cue
B2 „ 
Separated 
at cue
Bi .
Attached 
at cue
B2
Separated 
at cue
C1 Ambiguous . 11 9 3 10 (33)
o ro Verbal 25 12 7 . 6 (50)
C3
Unambiguous 21 9 12 3 (U5)
(5.7) (30) (22) (19) (128)
(1)
(2)
(3)
(4)
(b) Results of fitting models to the above data
.2Model 
[AB] [C]
[AB] [AC]
[AB] [BC]
[AB] [AC] [BC]
df
6
k
4
2
G
12.60 
10.9 
4.77 
3.hi
Significance
.049 
.027 
. 311*
.1
* Best fitting model
fit to the data. The weak [AC] association is confirmed by a U = .007 
p = .51 ( > 0.5). The U value for [BC]: U = .037, p = .02 ( < .05)
indicates that the two variables are associated. The simplest best 
fitting model is [AB] [BC]. The lack of statistical association 
between A x C is reflected in its marginal table 8.4.
The pattern of relationships between categories within the marginal 
table B x C, table 8.5,is clarified by reference to the E: expected
cell values calculated for a model, of no association: [B] [C] and
a measure of the difference between the 0: observed and the E:
expected values in the individual, cells of the two tables: the Zi j :
standardised residuals (see Table 8.5- and.Gilbert, 1981). Values of 
+ I.96 (on the Z normal, distribution) indicate a statistical difference 
of p < .05 between individual. 0 and E cell frequencies. Although only
one of the values is consistent., with a statistical trend (+ 1.65, p < .1 
the Zij values clarify the nature of the overall association between 
[BC]. This can be summarised as follows:
(i) Separated individuals were more likely than attached individuals 
to be first alerted by an ambiguous cue.
(ii) There was no difference at all in the likelihood of attached or
separated individuals being alerted by a verbal cue.
(iii) Attached individuals were slightly more likely than separated
individuals to be first alerted by an unambiguous cue.
The implications of the association found between variables [BC] are 
considered in later discussion. The next stage of the analysis was
Table 8. it (A). Group membership by (C) Cue
Table Q.
CUE
GROUP MEMBERSHIP
CUE
*1
family
A2
mixed
C1
Ambiguous 20 13 (33)
V
Verbal-. 37 13 (50)
C3
Unambiguous 30 15 (J+5)
(8?) (hiy (128)
5 (B) Attainment at Cue by (C) Cue:
0 = Observed frequencies, E = Expected values, 
Zij = Standardised residuals for model [B] [C]
ATTACHMENT AT CUE
1
Ambiguous
C2
Verbal
C.
o
Unambiguous
0
E
Zi.j
0
E
Zij
0
E
Zij
Bi B2
Attached Separated
lh 19
20.it 12.6
'-l.kl 1.79
32 18
30.9 19.1
o .21 -0.26
33 12
27.8 17.2
0.99 -1.26
(33)
(50)
(U5)
(79) (U9) (128)
to examine possible interrelationships between variables A, B, C, and 
the final outcome, variable D.
(A) Group Membership, by (B) Attachment at Cue by (C) Cue by (D) 
Affiliation at Final Exit
Table 8.6 lists all the various models which were fitted to the overall 
*
2 x 2 x 3 .x 2 table of. frequencies (Table 8.1). As all .four variables 
are now included in the.analysis the range of models which could fit 
the data is greater than before. Any possible interrelationships 
between [ABC] are now accounted for by inclusion of the [ABC] effect 
in each of the models tested.. The outcome variable D is also included 
in each of the models. One- of the models provides a close fit to the 
data: model .(9) [ABC] [ABD], G2 = 2.0U, p =  .731 (p > .05)'. The [CD] 
effect does, not contribute .in.a significant way to the fit between the 
actual, and the estimated, frequencies. The weak association between 
variables [CD] is reflected by a U = .002, p = .57 ( > -05) and by
reference to the..marginal table for G x D (Table 8.7). Although an 
association was found in the previous stage of the analysis between 
[BC], neither this nor variable.(C) independently influenced the 
final outcome (D).
Tables 8.8 and 8.9 represent the marginal tables for variables A x D 
and B x D. The U coefficients for AD:U = .lU5, p = .000, ( < .05) and 
BD: U = .06l, p = ,00h, ( < .05) indicate a strong association between 
each of the variables A, B and D. To clarify the relationship two 
types of measures of the proportions of individuals in particular cells 
of tables 8.8 (a) and (b) were adopted; (l) the ’proportional risk', 
(p.r.) of being separated by the time the final exit was reached and
Table 8.6 Results of fitting models to the data in table 8.1 to 
detect relationships betveen (A) Group Membership 
'(B) Attachment at Cue, (C) Cue, (D) Affiliation, at Exit.
Model df G2 Significance
(1) [ABC] [D] 11 U7.ll .000
(2) [ABC] [a d ] 10 19.79 .031
(3) [ABC] [b d ] 9 38.28 .000
W [ABC] [CD] .10 U6.69 .000
(5) [ABC] [AD] [BD] 16 29.83 .019
(6) [ABC] [AD] [CD] 18 U3.28 .001,
(7) [ABC ] [BD] [CD] 16 72.52 .000
(8) [ABC] [AD] [BD] [CD] ih 28.29 .013
(9) [ABC] [ABD ] U 2.0U • 731*
(10) [ABC] [ACD ] 8 18.98 .015
(11) [ABC] [BCD] 6 32.8U .000
* Best fitting model
Table 8 .7 (C) Cue by (D) Affiliation at Exit
CUE
ci
Ambiguous
C2
Verbal
C3
Unambiguous
D1
AFFILIATION Affiliated
12 22 26 (60)
AT EXIT
D2
Separated
21 28 19 (68)
(33). (50) (U5) (128)
Table 8.8 (A) Group Membership by (D) Affiliation at Exit
GROUP MEMBERSHIP
V
Family
2
Mixed
AFFILIATION
D-,
Affiliated
5^ 6
AT EXIT
D2
Separated
33 35
(87) < M )
(60)
(68)
(128)
Table 8.9 (B) Attachment at:Cue by (D) Affiliation at Exit
ATTACHMENT AT CUE
AFFILIATION 
AT EXIT
Di
Affiliated.
D2
Separated
Bi
Attached Separated
15
3b 3b
(60)
(68)
(79) (1*9) (128)
(2) -the ’relative risk’, ( ^ ) of being separated, (see Everitt,
1977, pp 31-34). Referring to Table 8.8 it was calculated that the 
risk (p.r.) of being separated by the time an individual exited was 
higher if the individual was a member of a mixed group (35/4l. = 0.85) 
than if in a family group (33/87 = 0.38). The second measure of risk 
$ takes into account each of the four cells in the table as a 
proportion of the sample total N: ifj = 9^/9^ P^ = 33 x 6/35 x 54
= 0.1. This indicates that, the relative risk of separation was much
lower if individuals were in a. family group. (Further calculations
• • . « ^  •
show that at 95 per. cent confidence limits this risk ij) to a family
group member was at most 51 per cent of that of a mixed group member
and might be as low as 2 per cent).
Turning to Table 8.9 the risk of separation by the time of exiting (D2)
was also found to be higher if the individual was separated at the 
point of being alerted by a cue: p.r. for (Bl) = 34/79 - 0.43; (B2)
= 34/49 = 0.69, the relative risk, J = 34 x 15/34 x 45 2 0.33. The 
risk $ , therefore, of being separated at exit was reduced if the 
individual had been attached at cue. (At 95% confidence limits the
* A
risk ^ that a person attached at cue would become separated was at 
most 90% of a person separated at cue and might be as low as 12%).
The influence of (A) group membership appears to be greater though 
both factors (A) and (B) have to be taken into account.
The best fitting model [ABC] [ABD], reflects an ’interaction’ between 
variables [ABD]. This kind of relationship among three variables 
occurs when an association between two variables, in this case [AB], 
differs in degree or direction in different categories of the third
(D).- The [ABD] interaction is clarified hy reference to table 8.10 
which reveals the following:
(1) Many individuals who were family group members and attached at cue 
(AlBl) were'likely to be affiliated at exit (39/57 “ 0.68). However,
a third of those in this category combination (AlBl) did fail to 
remain together in intact groups (18/57 = 0.32).
(2) • Half of the family group.members who were separated at cue 
(A1B2) managed to eventually escape with all of their group (15/30 = 
0.5).
(3) The majority of mixed group members who were attached at cue 
(A2B1) were separated from one or more group members by the time, they 
reached a final exit (16/22 - O'. 73). “ ’
(V) Mixed group members, who were also separated at cue A2B2 all 
remained separated from the group as a whole by the time they reached 
a final exit (19/19 - 1.0).
The results indicate that mixed group members were less likely to 
stay together in intact groups while escaping. Separated individuals 
would not try to reform into intact groups prior to escaping unless 
they had family group attachments somewhere in the building.
The interaction [ABD] suggests that while both variables (A) and (B) 
are 'causally' related to (D) the influence of (A) on (D) is mediated 
by variable (B). A check on the U coefficients for other logically 
possible interactions confirmed, the importance of [ABD] and the lack
Table 8.10 (A) Group Membership by (B) Attachment at cue by
(D) Affiliation at Exit
A1 A2
Family Mixed
Bi B2 Bx B2
Attached Separated Attached Separated
at cue at cue at cue at cue
Affiliated at exit 39 15 6 0
Dg Separated at exit 18 15 16 19
(5T) (30) (22) (19)
(60)
(68)
Figure 8.2 Causal paths between pairs of variables found in the 
Loglinear Analysis (indicated by thick arrows and 
larger U coefficients).
mlKship
attachment 
at cue
•145
affiliation 
at exit
of influence of variable (C) in combination with other variables 
on the final outcome (D): [ABD] = .03, p = .25 (< .05);
[BCD] = .008, p. = .531 ( > .05); [ACD] = .0001, p = ;.91 (> .05); 
[ABC] = .0006, p = .95 ( > .05). Figure 8.2 summarises in the form 
of a causal, diagram:. (a) the logically possible direction of assoc­
iations consistent , with therecursive * model (b) the pairwise assoc­
iations found in the analysis.
DISCUSSION
The results provide strong support for the affiliative model of escape 
behaviour in which.it is assumed individuals with close psychological 
ties will attempt to escape with other group members. Variables (A) 
and '(B) were able to account for group cohesion during escape inde­
pendently of the pattern of response, to cues. The lack of association 
between variable C x D confirms the lack of association found in the 
previous chapter between the sequence of first three cues and variable 
D.
At the simplest level the results show that in an entrapment situation 
in which a complete breakdown, of psychological ties would be predicted 
by the panic concept,approximately half of those in the sample managed 
to escape with the rest of their primary group.
One might conclude that the entrapment situation studied was not the 
kind in which 'panic* occurs. According to the panic scenario there 
would have been far less group cohesion than was evident. The setting
studied however, had the two necessary determinants of panic 
behaviour in groups as specified in the panic literature: (l) an
impending physical threat to the lives of a large number of people 
situated, in the same physical space and (2) access to an escape 
route diminishing rapidly.
It is most likely that what looks like 'anti-social' behaviour (or 
non-social.’ behaviour in which, it is assumed people simply ignore 
psychological ties) involves much more group cohesion than is 
assumed.. Mintz (1951) and Brown (1965) are correct in their assess­
ment of an individual's. behaviour in these circumstances as logical 
and adaptive in his or her own terms. The rapid movement to the exits 
was a consequence of a serious delay in people becoming aware of the 
potentially serious, fire threat. The flight to the exit reflected 
a realistic appraisal of the encroaching danger.
Mintz and the other researchers are also correct in concentrating on 
the individual if a mixed group member. For mixed groups do appear 
to have been less.concerned with maintaining group ties during flight 
to the exits than they might under normal circumstances,
The extent to which an individual’s response to cues in a fire and 
subsequent escape behaviour.is mediated by.the presence of other group 
members, is likely to be far.greater than is assumed by proponents 
of the panic scenario of people’s escape behaviour.
Although categories A^ and A^ were strongly associated, the 
data was not consistent with a.cumulative.unilinear or partial order 
scale (as in a POSA). The reason for this is probably the lack of
association between, variables A x B and A x C. Although one might 
have expected family groups, as opposed to mixed groups,to be attached 
at cue the opposite was just as likely. The directions of associations 
within the [AB] [BC] model,in particular B^ and B^ C^ , are inconsistent 
with a cumulative scale but do make logical sense in terms of the 
affiliative model.
Mawson (1978) proposes in his 'central ideas' some kind of differential 
response to cues-by people separated in contrast to those in close 
proximity with 'attachment objects'. The [BC] association suggests that 
separated individuals were more likely to be alerted by the 'ambiguous' 
cues which characterised the early stages of the. fire. This link 
between [BC] is a reminder of the experiment by Latane and Darley (1968) 
in which it was found.that individuals who were 'alone' responded more 
quickly to smoke. (It should.be noted, however, that ’smoke’ was 
classed as an ’unambiguous' cue in the present analysis).
A number of explanations for the [BC] association are possible. The 
attention of attached, individuals may have been directed more towards 
members of the group nearby. As a result they would be less likely to 
detect the ambiguous cues. The latter (such as noises/shouts) were 
invariably external to the.group. Separated individuals could have 
been more sensitive to ambiguous cues because they would be potentially 
anxious for their own safety and/or group members located elsewhere in 
the building. Separated individuals may have been more concerned than 
attached individuals to resolve ambiguities by conferring with group 
members located elsewhere. It is also possible that separated 
individuals interpreted ambiguous cues as more threatening than attached
individuals did.and, in doing so, recalled these cues more readily.
Schachter (l959) argues that."emotions or feelings require social 
evaluation when.the emotion-producing situation is ambiguous or 
uninterpretable in terms of past experience." Schachter seems .to 
use the term 'ambiguous' synonymously, with 'unusual' . Ambiguous, 
in the present thesis refers to the limited information about the 
existence of a fire which a cue conveys to the recipient. Ambiguous 
here does not imply that a cue is necessarily difficult to interpret. 
Indeed, it may well be interpreted easily (though inaccurately) as 
something other, than a fire (see Chapter 5). The confusion in ter­
minology may be the result of the artificiality of the source of 
threat in Schachterls experiments, i.e. the limited.attention to the 
fact that if an individual is .to take appropriate action in a real 
emergency, the accuracy of information and degree of threat perceived 
is crucial.' Schachter rejects, alternative explanations for affiliation- 
such as. a desire for cognitive clarity and direct anxiety reduction 
in favour of. 'social evaluation'. It may be misleading to think of 
these as alternative explanations rather than complementary aspects 
of a general affiliative response which has its origins in the pro­
tective survival function of.the group.
The lack, of associations between variables A x C suggests that 
family members were not necessarily more sensitive to a signal or 
threat, in the way one might have expected from the propositions of 
Mack and Baker (1961) and Hill and Hansen (1962) and the experiment 
■by French (19^0 cited in Chapter 3-It is possible that as mixed 
groups sometimes included 'nucleus' family members by definition, the
potential relationship between variables A and C was confounded.
Mack and Baker and? Hill and Hansen also imply that accessibility 
of family members is a::crucial factor in understanding people's 
responses. The results indicate that immediately proximity of 
group members (not the type of. group) influenced responses to the 
first cue. Attachment to family members somewhere in the building 
subsequently increased the likelihood of group members gravitating 
towards each other (if separated) and staying together during 
flight.
The■affillative; model provides an explanation for the associations 
[BC.] and [ABD]. This is not to say that Mawson's central ideas and 
the propositions of Mack and Baker (1961) Hill and Hansen (1962), 
will not need further refinement and elaboration in the future (see 
Chapter 10).
The fact that family, as opposed to mixed group members, made a greater 
effort to leave in groups does not mean that family groups did not 
panic, whereas mixed groups- did. It means that there are serious 
weaknesses in the assumption that peoples behaviour in these circum­
stances is necessarily competitive.
As an exemplar of an entrapment , situation, like the MSB Study,. .
Chapter 7, the study is considered . more realistic than any of the 
individual experimental studies to'dahe.
These studies have not questioned, the basic assumption that ties 
between individuals necessarily break down in an entrapment situation. 
The results of the analysis in'this chapter refute this assumption.
This chapter has not examined which exits people left the building 
by or the relationship between group affiliation and escape success 
or failure, (except in the sense that leaving without the group 
might be deemed .a failure to leave the building in a normal fashion). 
Had there not been a fire at all,., it is assumed most group members 
(whether family or mixed), would have left the building in groups.
The next chapter examines the outcome of people's escape behaviour 
from the MSB . (Marquee Showbar).and Solarium in greater detail.
SUMMARY
In a study of flight from a fire by 128 people in the Solarium area 
of the Summerland building the prediction of the affiliative 
model is that individuals with close psychological ties 
would attempt: to escape in groups of two or more. The study examined
the Tgroup' (as opposed to 'place') affiliation component of the 
affiliation model, reflected in the basic principle that escape 
behaviour in a disaster is characterised by a tendency to 'seek 
and maintain the proximity of familiar persons and places' . The 
limited attention in previous research to the influence of affiliative 
ties on response to cues was pointed out. A series of propositions^ 
relating to the influence of family group members on recognition of 
a threat and. escape were examined in the study.
Causal Loglinear Analysis (CLA) was used to model the interrelation­
ship between four variables in a 2 x 2 x 3 x 2 cross-classified 
categorical, table: (A) Group Membership (family/mixed), (B)
Attachment at Cue- (attached/separated), (C) Cue (ambiguous/verbal/ 
unambiguous); (D) Group.Affiliation at Exit (affiliated/separated). 
Associations were found between [BC] and [ABD] indicating strong 
support for the affiliative: model. In a situation of potential 
danger separated individuals responded more often to 'ambiguous' 
cues. Family members who were attached at cue were most likely to be 
together and mixed.group members apart when exiting from one building. 
Attachment to family members somewhere in the building increased the 
likelihood of group members gravitating towards each other (if separated) 
and staying together during flight. Most of the mixed group members 
who were attached and all of those separated at cue were separated 
from at least one other group, member upon leaving the building. The 
results are consistent with the affiliative model of escape behaviour 
which predicts that family group members in situation of potential 
entrapment try, if circumstances permit, to leave in groups.
CHAPTER 9
OUTCOME OF ESCAPE BEHAVIOUR BY GROUP MEMBERS FROM THE MARQUEE SHOWBAR 
AND SOLARIUM
INTRODUCTION
The previous two chapters have examined exit choice behaviour within 
the Marquee Showbar (MSB) (Chapter 7) and affiliative behaviour during 
escape by individuals from the Solarium (Chapter 8). The present 
Chapter draws together these studies by examining the outcome of 
people's efforts to escape from the MSB and Solarium in terms of 
criteria of 'success and failure'. A primary aim of the Chapter is 
to establish the degree of group cohesion during escape and to 
identify social-psychological factors contributing to people:
(1) Escaping in non-intact groups
(2) Sustaining injuries
(3) Escaping via particular routes out of the building
(U) Leaving the building alone (i.e. individually)
By identifying the final exits used by people from the MSB and 
Solarium the assumption that people in flight head towards a 
familiar location, the 'place affiliation' component of the affilia­
tive model, is examined further. The main unit of analysis in this 
chapter is the. ' group' as opposed to the:' individual'.
GROUP COHESIVENESS DURING ESCAPE FROM THE MSB AND SOLARIUM
(a) Definition of a Group
As in Chapter 7 and 8 a group is defined as two or more people who 
had accompanied each other to the building (or, in a few cases, 
had arranged beforehand to meet in the building). The number of 
groups represented (by one or more group members) in the original
MSB (N = 75) and Solarium (N = lU8) samples were N = 38 and N = 80 
respectively. Details concerning coding of the samples into groups^ , 
the representativeness of the MSB and Solarium samples used as the 
data source in Chapters 7, 8, 9 and the size of groups are presented 
in Tables 9*1 and 9.2 and the ’Discussion’ of these tables in Appendix 
k. Group sizes ranged from. 2 to 9 or more (an average size of U).
By adopting the group as the ’unit of analysis’ the numbers of group 
members accounted for in the analysis can be increased from an esti­
mated 19% to 38% of those from the MSB and 12% to 25% of those from 
the Solarium, individually represented (see Tables 9*1 and Appendix U). 
Moreover, one can now examine in broad, terms the pattern of affiliative 
behaviour of those who sustained serious injuries and therefore could 
not be interviewed.
(b) Definition of Variables and Categories
The main aspect of group behaviour1 of interest' is the ..ability of the 
group to remain, intact during escape to the exits. The ’cue' variable 
has been excluded in the present analysis because all the members of 
each group are unlikely to have been alerted by the same cue. In any 
case the analyses in. the previous chapter indicated that the cue 
received had little bearing on the likelihood of people being 
affiliated at a final exit. In absolute terms, of course, the fact 
that there was a fire at all will have reduced the numbers of group 
members leaving as they normally would in groups. The five dicho- 
tomous variables selected for the analysis of group escape from the 
MSB were (A) Group Membership, (B) Group Intact at Cue (C) Group 
Intact at MSB Exit (or prior to leaving the Solarium) (D) Group 
Intact at Final Exit (E) Injury. These were defined as follows:
Variable A : Group Membership (l)-Mixed (2) Family. A mixed group 
consisted.exclusively of friends, relations or a combination of people 
in these categories and one or more individuals with ’close’ attach­
ments (e.g. husband and wife). A family group consisted exclusively 
of individuals with a close attachment (i.e. husband/wife, children). 
In several instances where a close relative was present, e.g. grand­
parents with grandchildren, or one close relative, e.g. a family plus 
grandmother, the group was defined as a 1 family’. The categories are 
in the order (l) Mixed (2) Family to reflect the increasingly serious 
consequences for group cohesion of the external constraints of the 
fire spread and crowd congestion.
Variables B, C, and D: B Group Intact at Cue, C at MSB Exit, D at 
Final Exit: 1. Intact, 2. Not Intact These variables are all
concerned with the group's cohesiveness or ability to stay together 
while escaping.' The category labels ’intact’ and ’not intact' are 
synonymous with the attached/affiliated and- separated categories 
applied in previous analyses to 'individuals’. Variables B, C, D 
represent defining points in terms of both time and space. For 
those in the Solarium there was no intermediate exit through which 
all of the group members originating there would have to go in 
order to escape. For the Solarium sample Variable C = Group Intact 
or not at ’any point' between the cue and final exit.
Variable E: Group Injury 1..No or Slight Injury, 2. Serious Injury
or Death (to one or more group members):
Variable E has been placed last because it represents the clearest 
measure of overall success or not in escaping. It was difficult 
to place variable E within, the sequence B, C, D, since injuries did 
not necessarily occur consistently before or after Variable C.
Slight injury means that individuals were listed as being treated 
and discharged from hospital on the night of the fire.
People in the category (El) were aggregated with those not 
injured. Serious injury (E2) means that individuals were detained 
•in hospital.
(b) Results of Analysis of Group Cohesiveness
Tables 9«3 and 9-^ - represent the frequencies of groups falling within 
different categories of the five variables A to E for the MSB and 
Solarium samples of groups. In Table 9-3 a gradual decrease in the 
number of groups intact (B) at.cue, (C) at MSB exit and (D) final 
exit is evident (29— ► 2 3 — ^17). A Cochran Q test (Siegel, 1956) 
on the group profiles for variables B, C and D show the frequencies 
differ significantly at P < .0001 (Q = 15.^3). The proportional 
decrease in numbers 'intact' is illustrated more clearly by the 
percentages-in the right-hand columns. Thus, while 76 per cent of 
groups in the MSB were intact at cue, b-3 per cent were intact by the 
time people had reached a final exit from the building. In the 
Solarium (Table 9*-^ ) there was also a decrease . in numbers of groups 
intact at cue and final exit 63 per cent — **5 -^ per cent respectively. 
The impression is of a.slightly smaller proportion of groups, being 
intact at cue in the Solarium, some managing to reform prior to 
leaving the building and a number being separated again at a final 
exit by the congestion which occurred. Note the gradual decrease 
in the proportion of groups intact for those in the MSB = 76 per 
cent— sn 6l per cent — b3 per cent in contrast to the affiliative 
behaviour and subsequent separation amongst groups in the Solarium 
= 63 per cent — >7^ - per cent — 5^- per cent.
Checking these figures for groups- against the data for individuals 
in the corresponding samples produces the following figures for 
those affiliated (l) MSB B : ^  (69.8%) C: 36 (57-1 per cent),
Tables 9*^ and 9«^ Frequency and percentage of MSB and Solarium
Groups Intact, at different stages: see
previous pages for category code A-E.
Table 9-3 MARQUEE SHOWBAR GROUPS N = 38
Variable
Category
Frequency
Category
Percentage
1 2 1 2
A 15 23 39.5 60.5
B 29 9 76.3 23.T
C 23 15 60.5 39.5
D IT 21 55.3
E 26 12 68. U 31.6
Table 9 .b SOLARIUM GROUPS N = 80
Variable
Category
Frequency
1 2
Category
Percentages
1 2
A 23 • 57 28.7 71.3
B 50 30 62.5 37.5
C 59 21 73.7 26.3
D k3 37 53.7 U6.3
S 78 2 97.5 2.5
D: 26 (Ul-3 per cent) (W = 63). (2) Solarium B: 79 (61.7 per cent,
C: 66 (51.6 per cent), D: 60 (U6.9 per cent) (N = 128). While these
figures are similar to those for the groups (derived from the same
data base) the conclusions one can draw concerning group members
gravitating towards- each other prior to.exiting from the Solarium are
equivocal. The numbers of individuals from the Solarium who remained
affiliated gradually declined. In general, slightly under half of
those from the MSB and approximately half of the people from the
Solarium left the building accompanied by their group.
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Pairwise X tests of each variable A to E in turn for the MSB/Solarium 
samples of groups found no statistical differences except in the case 
of injuries. Variable A: = 0.62 (p < .5), B: X^ = 1.6k (p < 0.2),
C: X2 = 1.55 (p < .30), D: X2 = 0.52 (p < .5), E: X2 = 18.1U 
(p < .001). Thus proportionally more groups incurred injuries in
the MSB. However, in terms of single variables the nature of the 
group membership and cohesiveness was similar.for the groups in the 
MSB and Solarium.
In the following sections a. clearer distinction is made between 
’explanatory’ and outcome variables. The next stage of the study was 
to explore factors contributing to some groups breaking up and the 
outcome of people's escape behaviour. In order to explore the inter­
relationship between variables.a series of CLA analyses were carried 
out.
CLA OF OUTCOME OF ESCAPE BEHAVIOUR BY MSB AID SOLARIUM GROUPS
The fact that the variables included in Table 9.3 can be placed in a 
temporal order means that they conform to a ’recursive’ model (Appendix'-1). 
One complication in using all of the variables from Tables 9*3 and 
9> l+.in CLA's is that a 2 x 2 x 2 x 2 x 2  cross-classified table 
produces numerous zeros in the 32 cells. Loglinear analysis can 
accommodate a certain number of zeros (and even marginal totals) 
without, having to collapse or aggregate categories as in X (see 
Fienberg., 1977 and Gilbert, 1981). However, of the 32 cells in a 
table for the MSB groups, 29 have, frequencies less than 5 (21 of these 
cells being zeros). The table for the Solarium groups produced 26 cells 
with frequencies less than 5 (l6 = zeros). ,
To reduce the number of empty cells and concentrate on the most 
crucial potential interrelationships between variables, a series of 
loglinear analyses were carried out on sets of three variables at 
a time. Variable C has been excluded form the analyses for two 
reasons: firstly, variable C was, by definition, comparable but not
identical for the MSB.and Solarium samples. Secondly, Variable C 
is an ’intermediate’ variable likely to have less relevance than 
variables A and B for the outcome. It was found that a contingency 
table for the L variables A x B x D x E still had numerous zeros in 
the l6 cells (8 for MSB Groups, 7 for the Solarium). It was decided 
therefore to relate variables A, B to each of the outcomes (D and E
in the first instance). In a subsequent analysis for the MSB, the
relationship between variables D and E is examined. Variable E 
injury is excluded from the loglinear analysis of the Solarium groups
as the frequency of serious injuries in this case was so low.
Figure 9.1 (i) to (iv) summarises the CLAs carried out on the data 
in the form of causal models for the sets of variables compared.
The logically possible causal connections within a recursive or 
temporal, model are illustrated by arrows. The U coefficients next 
to the arrows and. different- type of arrow (i.e. thin line, dashed, 
thick line) indicate the strengths of association between pairs 
of variables.
In general ’no association’ implies that a pair of variables did 
not figure as an important association either in a best fitting 
model,, or as measured by the U coefficient, strength of association. 
A 'weak association’ ..signifies a paired association figured in the 
model providing the best fit to the data, but the U coefficient 
was significant at the trend (p < .1) But not p < .05 level. A 
strong association, indicates that the pairwise association in a 
model found to fit the data, was confirmed by the U coefficient .
The first CLA (Figure 9*1 (i)) examined (A) Group membership by (B) 
Group intact at cue by (E) Injury for the MSB sample. The second 
and third CLA (Figure 9-1 (ii) and (iii)) examined (A) Group 
Membership by (B) Group Intact at Cue by (D) Group Intact at final 
exit for the MSB and Solarium samples respectively. Details of 
the CLA calculations are presented in Tables 9*5 to 9-9 in Appendix 
5. The analysis revealed the following:
(1) Ho association could be found between (A) Group Membership
and (B) Group Intact at Cue: A — >  B, for either the MSB or
Solarium samples. In other words, whether a group was 'mixed'
or ’family’ had no bearing on whether the group members were likely 
to be together at cue.
(2) Ho association was found between (A) Group Membership and
Figure.'...9.1 GROUP BEHAVIOUR: MARQUEE SHOWBAR AND SOLARIUM:
CAUSAL DIAGRAMS: representing pairwise paths between 
variables, U coefficients of association and best 
fitting models.
Key: = No association, ■»#►= weak association 
= strong association.
(i) Marquee Showbar: A x B x E
GRO 
MEMBERSHIP
INJURY
.00^
GROI 
INTACT AT CUE
(il). Marquee Showbar: A x B x D
GROUP ^  .01 
MEMBERSHIP
,00k
GROUP 
INTACT 
FINAL EXIT
B
GROUP 
INTACT AT CUE
(iii) Solarium: A x B x D 
T 0 U F % *  .<GROT 
MEMBERSHIP
.003
GROUP 
INTACT 
AT FINAL EXIT
.025
' : GRT "
INTACT-AT CUE
(iv) Marquee Showbar: B x E x D
GRUUP**^ *32^
INTACT AT CUE
v 4 T '  AT
FINAL EXIT
.5^ 3 .
INJURY
best fitting model
= [AB] [BE] 
(controlling for AB)
best fitting model
= [AB] [BD] 
(controlling for AB)
best fitting model
= [AD] [BD] 
(excluding AB)
best fitting model
= [BE] [BD] [ED] 
(controlling for BE)
(E) Injury: A > E for the MSB groups (This relationship was
discounted for the Solarium groups by definition).
(3) Whereas no association was found between (A) Group Member­
ship and (D) Group intact at final exit: A — 3* D, for the MSB
groups, this association [AD] was found for the Solarium groups.
(k) In contrast whereas an association was found between (B)
group intact at cue and (D) group intact at' final exit:[BD] for 
the MSB groups a weak association between B ■ — D was found for the 
Solarium groups.
(5) The results of the comparison (A) x (B) x  (D) generally 
confirm the analysis of the equivalent variables (A) Group member­
ship by (B) affiliation at cue by (D) affiliation at final exit 
for the individuals in the same sample (see Chapter 9)* However, 
neither association, in particular [BD],was as strong for the
1 groups.
(6) In general the analyses A x B x E and A x B x D discounted 
(A) Group membership as an important factor for the MSB groups, 
but did suggest it would be worthwhile concentrating in more 
detail on (a) the potential association between (B) group intact 
at cue and (E) injury (indicated as 'weak’ in Figure 9-l(i)).
and (b) the relationship between each of these B, E, as antecedent 
variables and the second outcome variable (D) intact at final 
exit. The results of this analysis summarised by Figure 9*1 (iv) 
are presented below.
MSB : (B) Group Intact at Cue by (E) Injury by (D) Group Intact 
at Final Exit .
Variable E has been placed before Variable D in the CLA because, 
in the actual fire, injuries are more likely to have occurred 
before group members reached the exit.. One alternative for which 
there is some precedence from reports of numerous large-scale 
fire disasters involving large numbers of people and the 'panic' 
literature (see Sime 1980a) is’that people are likely to be 
injured at^  a final exit. In this case injuries would coincide 
with separation at final exit. In. contrast, the interview 
transcripts arid reports, on the fire. .(Summerland- Fire Commission, 
197*+; Silcock.and Hinkley, 197*0, indicated that although there 
was considerable crowding at the main .exit from. Summerland, most 
injuries occurred on or near staircases situated elsewhere.
The most logical order to put the variables was one which was con­
sistent with the recursive or temporal model required as a basis for
making causal inferences from CLA: B — > E  — 5* D, The nature of
variable B is explored as a social-psychological factor (a) char­
acterising the existing physical location of group members in relation 
to each other (b) consequently influencing peoples predisposition 
and ability to reach an exit safely and with their group 'intact*. 
Variable E is an. outcome variable for B and, in turn, a predictive 
variable for D. Both variables D and E are regarded as overall 
measures of ’success* in escaping.
Variables (B) x . (E) The first analysis examines the potential
association between the first two variables (B) and (E): Table
2
9-. 10. A model of independence [B] [E] was found to fit the data: C- 
= 2.62, p = .1. ( > .05). This confirms the finding in the previous 
analysis of a weak U coefficient for [BE] at p < .1.
Table 9.10' shows that serious injuries were limited almost exclu­
sively to intact groups: (11/12 = 0-92). Only one of the ncn-
intact groups at cue received serious injuries to one or more group 
members. The lack of a clear association [BE] is attributable to the 
fact that proximity of group members at cue was not an absolute 
determinant of which groups received serious injuries. Many intact 
groups escaped without serious injuries (18/29 = 0.62). The G 
analysis takes into account the relative frequencies within each cell 
of Table 9:*10‘ (i.e.. the estimated frequencies derived from the 
marginal totals). Although the independence model [B] [E] fits the 
data it is still possible that B and E are associated within different 
levels of variable D.
Table ,9.10 (a) MSB.'Group Behaviour: Marginal table (B) Group
Intact at Cue by (E.) Injury.
GROUP INTACT 
AT CUE
B. B,
INJURY
1 2 
Intact Not Intact
E^ No Serious 
Injury
18 8 (26)
E^ Serious Injury 11 1 (12)
(29) (9) (38)
(b) Fitting model. [B] [E] to the table gives
Model. if
2
G Significance
[B] [E] 1 2.62 .1 >.05
Variables B x E x D Before examining this possibility the next
stage of the analysis was to examine whether variables B, E were 
independently related to.D. The contingency table for B x E x D 
contains two cells with sampling zeros (Table 9.11a-). Analysing 
the table as it stands means negative or zero degrees of freedom 
are encountered. The solution adopted is to add a small constant to 
every data value and refit the models. A suitable constant recommended 
in the Loglin programme (Gilbert, 198l) is the reciprocal of the 
number of cells in the table. This produces a constant for each cell 
of Table 9•Ha of 1/8 = 0.125. The [BE] effect already tested is 
accounted for by its inclusion in each of the models tested (Table 
9'. 11b). The only model which fits is the full pairwise model: [BE]
[BD] [ED]: G2 1.18, p = .282 ( > .05). The U coefficients for [BD]
and [ED] are both well within p < .05 indicating that they are strongly 
associated: [BD]: U = .32'U, p = .0005 ( < .001), [ED]: U = .5^3,
p = .0000. (See Tables 9-12 and 9-13).
The relationship between the three variables is illustrated by the path 
diagram in Figure 9.1 (iii). The association between [BD] confirms a 
previous analysis 9-l(i) in which variable B, in contrast to variable 
A (Group Membership) was found to be strongly associated with the out­
come D.
If one compares the fitted, table for an independence model [B] [E] [D] 
and the actual frequencies in the cells of the B x E x D Table 9.11(a) 
it is possible to see which frequencies differ most from that expected 
on a chance basis. The xij (observed) values in Table 9 ll (a) include 
the 0.125 constant added to each cell. The values of Mij in 91^ (b)
Table 9.11 (a) (3.) (a) GROUP BEHAVIOUR: .MARQUEE SHOWBAR SAMPLE,
VARIABLES: B x E x D. (B) Group Intact at 
Cue by (E) Injury by (B) Intact at final exit.
B^
Group Intact 
at Cue
B2
Group not 
Intact at Cue
Ei
No
Serious
Injury
E2
Serious
Injury
Ei
No
Serious £ 
Injury
E2
Serious
Injury
D-^  Intact at Final Exit 16 0 1 0
D2 Not Intact at Final 
Exit
2 11 7 1
(18) (11) (8) (1) (38)
(b) LOGLINEAR ANALYSIS: Results of fitting models 
to the above data.
Model df . ■ G2 Significar
1 [BE] k 32.18 .000
2 [BE] [BD] 2 26.10 .000
3 [BE] [ED] 2 1^.85 .001
1 [BE] [BD] [ED] 1 1.18 .282*
* best fitting model
Table .9 .12. MSB Group Behaviour:- Marginal table: (B) Intact at Cue
by (D) Intact at Final Exit.
INTACT AT CUE
B1 B2 
Intact Not Intact
INTACT AT FINAL EXIT
Intact 16 1 (17)
Dg Not Intact 13 8 (21)
(29) (9) (38)
Table 9.13 MSB Group Behaviour: Marginal table: (E) Injury by 
(D) Intact at Final Exit
INJURY
Intact
INTACT AT FINAL EXIT
I>2 Not Intact
E1 E2
No Serious Serious
Injury Injury
IT 0 (17)
9 12 (21)
(26) (12) (38)
Table- 9..lb FITTED TABLES OF EXPECTED VALUES AND STANDARDISED CELL 
RESIDUALS FOR MODEL [B] [E] [D]
(a) Computer amended Xij values: i.e. constant 0.125 
added to cells of table 9 * 9(a).
BiEi B1E2 B2E1 B2E2
D- 16.1 0.125 1.13 0.125
2.13 11.1 7.13 1.13
(b) Model [B] [E] [D] Fitted table (Mij values)
BiEi B1E2 B2E1 B2E2
D,
8.05 U .92 3-58 0.1+5
9.95 6.08 1+.1+2 0.55
(c). Model [B] [E] [D] Standardised residuals Zij
BiEi B1E2 B2E1 B2E2
D. 2.81+ -2.16 -1.29 -0 .1+8
-2.1+8 2.01+ 1.29 0.78
Formula.for calculation of zij: Zij = (Xij - Mij/^Mij)
(See Gilbert 1981)
are-equivalent to the expected row x column/total'N values calculated 
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in a X . Four of the cell residuals, Zij, in 9.lU (c) have values 
of +_ I.96 (i.e. p <.05 from a Z table). All of these significant 
cell differences from an independence model are nested under category 
B1 (as opposed to B2). These calculations indicate that groups who 
were intact at cue (Bl) were most likely to be intact at exit (El) 
unless receiving serious injuries (E2 D2) (See Table 9.11(a)). In 
contrast the smaller number of groups not intact at cue (B2.), (N = 9) 
were nearly all not intact at an exit (D2) independently of the 
influence of variable E. As only one group not intact at cue (B2) 
received serious injuries one can conclude that being not intact at 
cue did not. increase the. likelihood of injury.
To explore the interrelationships between the categories of all three 
variables as.well as the nature of exceptions to.the general pattern of 
results, a further analysis was carried out.
POSA QF OUTCOME OF ESCAPE BEHAVIOUR (B) GROUP INTACT AT CUE BY (E) 
INJURY BY (D) GROUP INTACT AT FINAL EXIT : MSB
The models that have been tested in this chapter using CLA have been 
limited to relationships, between pairs of variables. The interaction 
model [BED] or ’Saturation’ model as it is known, has not been tested. 
This is because the marginal table used to relate all three variables 
is the data table itself. The interaction model for all three dimen­
sional tables always fits the data perfectly (see Gilbert, 1981).
To explore the relationship between all three variables B, E, D further 
it was decided to see whether category membership of the groups of
people could be represented by a POSA. The POSA can be thought of 
as a. ’model’ itself which may or may not fit the data. Unlike the 
CLA, the POSA. is not carried out directly on the.frequencies within 
the cells of the 3 way. table. The POSA.configuration represents a 
typology of. strings of categories or 'profiles’, which occurred or 
not.
Each cell of the 3 way Table 9.11(a) (for variables B x E x D) can be 
represented by a profile indicating category membership. This is 
illustrated.by the profiles in Table 9.15(a). and original frequencies 
in Table 9 .15(b).
As the table contains, zeros the groups studied can. be represented by a 
POSA which excludes, two profiles that would otherwise have produced 
overlapping lines in the configuration. In broad terms, the POSA in 
Figure 9-2 consists of (l) a vertical dimension of increasing diffi- 
culities experienced by groups of people in escaping, (2) a horizontal 
dimension reflecting more qualitative differences between groups intact 
and not intact at cue (the categories of the first variable.B). The 
profiles 111, 112, 122, 222 forming a path on the left of the confi­
guration all conform to the underlying uni-dimensionality of a Guttman 
scale. Here, a ’1 ’. represents ’safety’ for the group of people. The 
earlier a ’2’ appears in the ’sequence’ the more serious the conse­
quences. If the categories within the variables which occurred could 
all be ordered along one dimension one would not expect a ’2 ’ to be 
followed by a ’1 ’ in the sequence. For example, by implication groups 
intact at cue (Bl) could experience no injuries (El) and be intact at 
exit (Dl): Profile 111). One would not expect, a group intact at cue
Table 9 .15 GROUP BEHAVIOUR MSB: VARIABLES B x E x D: PROFILES 
(i.e. Category Membership) AND. FREQUENCIES 
(see table 9*9 and Key belov)
(a) PROFILES B„ E_
JL 1 B1E2 B2E1 B2E2
D1 111 121 211 221
D2 112 122 212 222
FREQUENCIES B1E1 B1E2 B2E1 B2E2
D1 16 0 1 0
D2 2 11- 7 1
Figure 9-2 PARTIAL ORDER SCALOGRAM ARALXSIS (POSA) OF VARIABLES
B x E x D 
(see table 9-11)
(Profiles -with frequencies in brackets
Additive N 
Index Groups
16
3
18
1
Key Variable and Category Code 
B = GROUP INTACT AT CUE 1 Intact
B E D
1 1 1
(16)
1
1
(11) (7)
2 2 2 
(1)
2 Not Intact
E = GROUP INJURY 1 No Serious Injury (to group member)
2 Serious Injury (to group member)
D = GROUP INTACT AT FINAL EXIT 1 Intact 2 Not Intact
( B i r  to experience injuries (E2) and remain intact (Dl): (Profile
121), or a group which was not intact at cue (B2) to experience no 
injuries (El), or he intact at the exit (Dl): (profiles 212, 221),
if the pattern of category membership comforms to a single scale of 
increasing constraints on the ability of groups to exit safely.
From Figure .9.2 it can be seen that the profiles do not conform 
exclusively to a uni-dimensional scale. While profiles 121 and 221 
do not appear there is.an example of profile 211 and examples of 
profile 212. Although, a small'., proportion of. profiles not adhering 
to the pattern of a single scale could be dismissed as statistical 
'noise', i.e. due to chance factors, profile 212 forms a sizeable
proportion of the sample (7/38 = 0.18). The ’path’ 111 --- 112 —
122, on the left in the configuration,, consists of groups intact at
cue (Bl). Profiles within the ’path' on the right 211.--- 212 ---- 222,
consist.: of groups not intact at cue (B2) . There is also a link
between profiles 112 on the left and 212 on the right. Each line on 
the configuration represents a single difference in category membership 
between one profile and another. Profiles consistent with a uni-direc­
tional, cumulative scale: 111--- 112 — 122 ---  222 represent 78.9
per cent of the groups (R = 1 - 8/38 = 0.79, < 0.9). Figure .9.3 
represents the profile frequencies in Figure 9.2 converted to per­
centages of the R = 38. Seventy per-cent of the sample are represented 
by two of the profiles: 111, 122. (These were the cells with
+ I .96 Z scores, i.e. over-represented in Table 9.lU). Three 
profiles 111, 122, and 212 account for 89.^  per cent of the groups. 
These profiles represent the main relationships between the sub­
categories of the variables i.e. the state of the group at cue and
Figure 9.3 PARTIAL ORDER SCALOGRAM-ANALYSIS. (POSA) OF VARIABLES
B x E x D: Profile Labels and Percentages of MSB Sample 
represented. (Groups)
Additive
Index h2.1%-
B^ Group Intact (Cue)
E^ No Injury
Group Intact (Final Exit)
. .5-3%
B^ Group Intact (Cue)
E^ No Injury
D0 Group Not Intact (Final Exit) D_ Group Intact (Final Exit)
Bg Group Not Intact (Cue) 
E^ No Injury
B^ Group Intact (Cue)
E2 Injury
18 M
B^ Group Not Intact (Cue' 
E^ No- Injury
D Group Not Intact (Final Exit) D0 Group Not Intact (Final Exit)
2 .6%
B2 Group Not Intact (Cue)
E2 Injury
D2/Group Not Intact (Final Exit)
the likelihood'of it escaping •without serious injuries and intact. 
The:other profiles in Figure 9*3 represent exceptions to this 
general pattern.
The overall pattern of interrelationships between sub-categories 
of the variables has been broken down in Figure 9*^ (Appendix 6).
To summarise the main causal relations between categories of variable 
B — taking variable E into account: category B1 has two possible
paths and outcomes'Dl or D2 depending on whether the group received 
serious injuries (E2) or not (El). Groups intact at cue (Bl) were 
likely to be intact at final exit (Dl) unless they received serious 
injuries ( E2 ). Category B2 has one main path. Thus groups not intact 
at cue (B2), were likely to avoid injuries (El) and not escape intact (D2).
Although many intact groups avoided serious injuries (El), all but 
one of the groups receiving serious injuries (E2) had been intact 
at cue (Bl). It is worth noting the overall proportions of groups 
from the MSB in the categories of the variables: Bl(29), B2(9) ;
El(26), E2(12); Dl(lT), D2(2l). Approximately two thirds of the 
groups avoided serious^ injuries (26/38 = 0.68). Slightly less than 
half the groups were intact at a final exit (17/38 =0.^5)-
SUCCESSFUL AND UNSUCCESSFUL ESCAPE BY MSB AND SOLARIUM GROUPS'
Table 9.16. compares the overall proportions of groups from the MSB 
and Solarium escaping successfully. In developing an index of 
successful escape the two outcomes E1/E2 and D1/D2 have been combined. 
This produces the four combinations listed. It is assumed that 
groups without injuries and escaping ’intact’ are most successful 
(El Dl) , while groups with serious injuries and ’not intact' at a 
final exit (E2 D2) are least successful)'. Table 9-16 shows that 
about half of both samples of groups escaped successfully: Category
1 (MSB: 0.U5 , Solarium: 0.5^ +). Proportionally more of the Solarium
groups were in category 2: (El D2) no serious injury/Group not intact
(Z = 3.3^ + , P <.0l). None of the groups receiving serious injuries
remained intact i.e. category 3- Proportionally more MSB groups
were unsuccessful in escaping: category 2 (E2 D2): serious injury/
group not intact. (Z = 6.^5, P< .0001).. The differences are accounted 
for mainly by (l) proportionally more injuries amongst MSB groups (2) 
proportionally more groups from the Solarium, who avoided serious 
injuries, being not intact at a final exit. If one combines categories
2 and U, the differences between the Solarium and MSB samples dis­
appear (9 +12/38 = .553, 35 + 2/80 = .U63). Thus, approximately 
half of both samples irrespective of whether or not they received 
injuries, did not escape in ’intact' groups. Amongst both samples 
groups found it difficult to reform or remain together. The serious 
injuries and lack of success of separated group members from the MSB 
in reaching safety with the group, reflects the greater exposure
of people in this part of the building to the encroaching fire.
Table 9.16 OUTCOME OF ESCAPE BEHAVIOUR FROM SUMMERLAND FOR GROUPS 
IN MARQUEE SHOWBAR AND SOLARIUM: INDEX OF SUCCESS IN 
ESCAPING.
ESCAPE
SUCCESSFUL
0
©
0 E2
T  2
f
ESCAPE
UNSUCCESSFUL
OUTCOME FOR 
GROUPS AT 
FINAL EXIT*
MSB SOLARIUM TEST OF DIFFERENCE 
BETWEEN PROPORTIONS
Freq­
uency
Pi
Prop­
ortion
Freq­
uency
P2-
Prop­
ortion
Pi - P2 Z Significance 
(2 tail)
NO SERIOUS ’ 
INJURY 
GROUP INTACT
IT .1+1+7 1+3 .538 -.091 -1.1+0
NO
DIFFERENCE
NO SERIOUS 
INJURY 
GROUP NOT 
INTACT
9 .237 35 .1+38 -.201 -3.31+
HOV
: SERIOUS 
INJURY 
GROUP INTACT
0 0 NO
DIFFERENCE
SERIOUS 
INJURY 
GROUP NOT 
INTACT
12 .316 2 .025 .291 6.1+5 <.0001.
Total (38) (l.OO)(80) (l.OO) 
(* INJURY = to at least one group member'
Description of nature of injuries in relation to location and 
group attachment
Many of the 50 deaths in the fire occurred on or near the open plan 
flying staircase next ;to the mini-golf course where the fire started.
(At least 13 died on this stairway).. Twelve bodies were found on the 
north-east service stairway... These stairway routes formed the main 
escape routes for people, in the MSB and upper floors of the building.
A number of bodies were found after the fire on the leisure floor,
MSB floor and at Amusement Arcade end of the Solarium floor (see 
Summerland Fire Commission, 197^ and Silcock and Hinkley, 197^)*
Of. the 12 'groups’ represented by the MSB sample who sustained fatalities 
or serious injuries to one or more group members, 6 left via the 
entrance, 6 via the fire exit (see Table 9 .3.)* 13/50 fatalities,
8/30 serious injuries and 6/50 slight injuries to individuals 
occurred amongst the MSB sample. Injuries occurring amongst people 
from the Solarium were more likely to be 'slight' (i.e. cuts and 
bruises). This reflects the serious congestion which occurred bub 
the limited number of serious injuries. Where injuries occurred 
they were Unlikely to be limited to one individual in a group. The 
13 deaths were limited to 7 groups. Of the 13 individuals, 9 had other 
group members who died, 3 seriously injured. Only 1 did not have 
another group member in these categories. In one case a family 
group of 6 all died except the father of the children when they tried 
to leave via. the MSB entrance and flying staircase. Of the 3 band 
members from the MSB, one died and one was seriously injured. The 
manageress of the MSB who tried to guide people out received serious
injuries; otherwise members of staff escaped without injury. Those 
who reached the staircase outside the MSB entrance were impeded 
by congestion and the fire spread. The last people to use the rear 
north-east staircase were obstructed by thick smoke and the lights 
going out(the electricity being switched off by a member of staff).
FINAL EXITS USED BY INDIVIDUALS PRESENT IN THE MSB AND SOLARIUM AT CUE
Table 9.17 compares the final exits from Summerland used by individuals 
in the two areas of the building studied. The most notable difference 
is in the proportions leaving via the main exit (A), the glass doors 
nearby (B), exit . (C) and the rear fire exits’ (E). The. majority of 
individuals from the Solarium (72 per cent) left via the way they 
entered the building, either the main entrance.or glass doors next 
to it (B). Exit A formed a bottle-neck for people leaving, reduced 
in size by the fact that several of the doors were locked at first. 
Barriers such as the pay-boxes also obstructed peoples movement.
Exit B (glass doors) .included a gap in the glass wall broken by the 
pressure of people trying to escape at the same time. Despite the 
congestion (and indeed pile-up of bodies) at the main entrance, only 
2 groups in the Solarium leaving by this route sustained serious 
injuries.
In contrast, only 16 per cent of individuals from the MSB left via 
exits A and B. The 38 individuals leaving the MSB via its entrance 
(see Chapter 7) left by a variety of routes. Most went down the
Table 9.IT EXITS USED BY INDIVIDUALS PRESENT IN THE MSB AND 
SOLARIUM AT THE TIME OF THE FIRST CUE
Exit Description
Frequency and 
proportion of 
total activity
Test of difference 
between proportions
MSB SOLARIUM Z Significance
level
A Main Exit 9 (.12) 6l (.1+2) -7.1+2 <.001
B Exit glass doors 
next to A
3 (.OU) 1+3 (.30) -7.59 <.001
C Mini-Golf Course 
exit (and fence)
Ik (.19) 12 (.08) +3.35 <.001
D Exit into and 
from Aquadrome
8 (.11) 12 (.08) +0.96 not signif
. E Rear Fire exit(s) 
(N.E. Stairway)
37 (.51) 10 (.07) +11.51+ <.001
F Play area rear 
exit
2 (.03) 6 (.OU) -0.81 not signif
. G Service Area 
South exit
Exit unknown
0
2
(.01) 1 (.01) 
3
-1 .21+ not signif
Total 75 (1.00) ll+8 (1 .00)
Table 9 .18 Exits used by members of the public (N=126) and staff (N=22) 
present in the SOLARIUM at the time of the first cue.
Description 
(as above)
Exit
Frequency and proportion 
of total activity.
Test of difference 
between proportions
Public Staff Z Significance
level
A 51+ (.1+1+) 7 (.32) 2.11+ <•05
B 39 (.32) 1+ (.18) 2.69 <. 01
C 10 (.08) 2 (.09) -0‘. 30 not signif
D 6 C.05) 6 (.27) -5.I+5 <.001
E 7 (.06) 3 (.HO -2.29 <.05
F 6 (.05) 0 2.72 <.01
G 1 (.01) 0 1.08 not signif
Exit unknown 3 0
Total 126 (1.00) 22 (1 .00)
flying staircase, lk/75 were forced by the encroaching fire or 
smoke to leave via exit C at the bottom of the staircase. This 
accounts for one of the statistical differences in proportions.
Similar proportions from the MSB and Solarium left via the doors 
into the Aquadrome. In fact people trying to leave via this route 
were initially obstructed by the doors being locked. A number of 
the emergency exits from the building were locked or obstructed.
This problem was encountered at one of the exits at the bottom of 
the north-east stairway. Here, the first set of exit doors were 
padlocked. Most people managed to escape via the set of exit doors 
nearby. The 37 individuals in.the MSB- sample who left via the fire 
exit all escaped via- this route. A limited number of individuals 
from the Solarium (10/ 1^ 8--=. 07).- left via the fire exits at the rear.
Table 9*18 shows that a lower proportion of staff than public from 
the Solarium left via either exits A or B and a higher proportion 
via exits D and E. Those staff members leaving via Exit D were mostly 
band members who had been performing on the stage.
The implications of the pattern of exit choice behaviour from the 
building are considered in subsequent discussion.
ESCAPE FROM THE BUILDING 'ALONE*
(i) Proportions of people separated: Alone
The final index of people's ability to escape from the building 
considered is the number of individuals separated from all other
group members,., i.e. exiting alone and those exiting with others.
Table 9.19 (a) and (b) provides details of the number of individuals 
from the MSB and: Solarium in 3 categories (i) attached to group 
(ii) separated (with one or more group members) (iii) separated 
(alone). In general Tables 9.19 (a) and (b) show strong similarities 
in the proportions of’individuals in the cells. Table 9-19 shows 
quite clearly that for both samples the break up of ’groups' is 
accounted for mainly by a gradual increase in the numbers of indi­
viduals who exited from the building alone. Exactly the same pro­
portion of individuals from both areas (73 per cent) managed to 
escape from, the building with at least one group member. In both 
samples 27 per cent of the individuals with group attachments 
were separated (i.e. alone) by the time they finally exited.
A further breakdown of the separated (alone)’ category in relation 
to the range of variables analysed in Chapter 9 for the Solarium 
sample, reveals that the associations found between initial 
responses to cues, group membership, attachment at cue and affil­
iation at exit can be accounted for largely by individuals who 
were separated from all other members. Since some of the cells
in these pairwise Tables 9*20 (a)-(f) in Appendix 5 contain zeros,
2 . . .it is difficult to apply the X test meaningfully m  some instances.
Nevertheless, the results indicate that none of the individuals 
’alone’ at cue (N = 10) was alerted by an unambiguous cue, whereas 
many of the attached group members were. The majority of those 
20 individuals excluded from previous analyses5because they did 
not have definable group attachments,were alerted by an unambiguous 
cue first.
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Table 9.19 Stages of Affiliation by different categories'of separation
for INDIVIDUALS in the' MSB and SOLARIUM 'with, group attachments.
(a) MARQUEE SHOWBAR
Stages
X Y Z
Attachment at Cue* 
Frequency Percentage
Affiliation at' Exit 
from MSB
Frequency Percentage
Affiliation at 
Final Exit
Frequency Percentage
(i) ATTACHED 
(to Group)
bb (69.8) 36 (57.1) 26 (Ul.3)
(ii) SEPARATED 
(with one 
more othe:
16 ‘ (25.k)
DT
rs)
15 (23.8) 20 (31.7)
(iii) SEPARATED 
(Alone)
3 (1+.8) 12 (l'9-l). 17 (27.0)
Total 63 63 63
^Attachment at Cue - Variable A in table 7.10 with Category (i)'= A*'", 
(ii) and (iii) = A ^
(b) SOLARIUM
Stages
X Y • Z
Attachment at Cue** 
Frequency Percentage
Affiliation between 
Cue & Final Exit
Frequency Percentage
Affiliation at 
Final Exit**
Frequency Percentage
(i) ATTACHED 
(to Group)
79 (61.7) 66 (51.6) 60 (1+6.9)
(ii) SEPARATED 
(with one 0 
more other
39
r
s)
(30.5) 35 (27.3) 3b (26.6)
(iii) SEPARATED 10 (7.8) 27 (21.1) 3b (26.6)
Total 128 128 128
** Attachment at Cue (X) = Variable. B, Affiliation at final Exit
(Y) = Variable D in table 8.1 with Category (i) = B13 D^.Ui) _& (iii) 
V = B2, D2 respectively.
Tables 9*20a-f show that' that the majority of the 73 per cent of 
the sample who managed to escape with one or more group members (9b/
128 = 0.73) 5 were family group members (7^ +/9l+ = 0.79). Of the 3*+ 
individuals in the sample who exited ’alone’ the majority were from 
mixed groups (21/31+ = 0.6l).
Many of those with one or more group members at cue (87/128 =
0.68) managed to escape with at least one other group member. However, 
a number of those either attached or separated (with other) at cue 
did lose contact with group members. Only 3/3^ + = 0.09 of those alone 
when they left the building had been alone at cue.
(ii) ’Voluntary’ -v- ’Involuntary’ Separation
The final analysis., examined whether there were any differences in the 
interview statements between the reasons for separation expressed by 
individuals separated; with.others, or-separated: alone at final
exit.
The 68 individuals from the Solarium not attached at final exit were 
sub-divided into those indicating (l) a voluntary (V) , (2) involuntary 
(Inv) separation. A (V) separation generally implies that an individual 
decided to leave one or more group members when the physical threat 
was not absolutely immediate. (inv) implies that the immediate prox­
imity of a number of people trying to make their way to the exits at 
the same time and the fire spread appears to have physically forced 
group members apart.
Table 9*21 shows that slightly more of the 68 individuals expressed
Table 9.21 Nature of Separation of Individuals by Reasons for 
Separation (SOLARIUM)
REASONS FOR 
SEPARATION
SEPARATION AT 
FINAL EXIT
Separate^ Separated 
(with others) (Alone)
Voluntary (V) 
Involuntary (INV)
llj- 11
18 21
(32)
(2m)
(32)
(2m)
(25)
(39)
(61+)
(Urn)*
X2 = .263 P <-7
*Missing information i.e. 
Reasons not codable
(inv) reasons for separation (39A 6 - 0.6l). No association was 
found between (V) or (inv) reasons for separation and the categories 
’with others’ or ’alone'. = .263, p <.T = 0.6j. Evidently
many individuals leaving the building with the group partially 
intact or separated from the group, failed to leave in intact groups 
as a consequence of being caught in the crowd congestion and/or the 
fire following the delay in becoming aware of the.fire. (See Chapter 
8). For those in the Solarium much of the break up of groups took 
place in the crowd congestion at the main exit.
DISCUSSION
The results are discussed, primarily in relation to'the affiliative 
model of escape behaviour which has been the focus of this thesis.
As this Chapter has been somewhat detailed it is worth drawing the 
reader's attention to:.-- aims of the analyses. The chapter has been
concerned primarily with examining the behaviour of groups from ;the 
MSB and Solarium. At the beginning of the Chapter, the stated 
intention was to identify social-psychological factors contributing 
to people (a) escaping in non—intact groups (b) sustaining injuries
(c) escaping via particular routes out of the building (d) leaving 
the building alone. Each of these outcomes reflects difficulties 
in escape. '
The results indicate the dangerous conditions for those in’the
MSB. The. MSB’was’more?.'dir:e:ctly .exposed, to the' fire. - Inladdition, the
Commission (197^» paragraphs 170-179) strongly criticised the open 
plan flying staircase for its limited capacity as an escape route, 
also the lack of fire protection of this route and the north east 
service stairway.
The results of the analyses lead one to dispute an assumption of the 
Fire Commission (197^> paragraph 179)» that a major contribution to 
the loss of life was from parents being separated, from their children. 
Separated individuals often moved away from the fire towards the less 
exposed, play area where many of the children were located. Chapter 
7 and this chapter have shown that individuals separated from group 
members (especially if alone.) were more likely to have responded to 
ambiguous than unambiguous cues.. One could infer from this that 
they reacted more quickly, there are certainly examples of this from 
individual accounts of family group members separated from their 
children. The fact that the 20 people excluded from previous analyses 
because they did not have primary group attachments were less likely 
to respond to ambiguous cues, supports the contention that people 
concerned about the safety of others, were quicker to respond. The 
fact that serious injuries were confined in the MSB sample not to 
separated group members but. to groups who were intact at cue, strongly 
suggests that a number of intact groups from the MSB were caught by 
the fire on the ’flying* staircase or north east stairway because they 
tried to escape in groups and were slower to respond. An issue 
raised by this and considered in the. final discussion chapter of the 
thesis (Chapter 10) is the degree to which affiliative behaviour can 
therefore be defined as ’adaptive behaviour’. Either the circumstances 
may preclude an ’adaptive' response from being 'successful',or an
individual, in trying to protect other weaker group members, can put 
his own life in jeopardy. The descriptive statistics concerning the 
nature of the fatalities support the results of the CLAs and POSA 
for the MSB sample that groups not intact at cue in the MSB generally 
avoided serious injury. This contradicts the usual panic scenario 
which suggests that it is the process of people fighting for an exit 
and group ties breaking down which increases the chances of being 
killed. Despite1 crowd congestion at the final exit from Summerland 
group'ties did not break down. What is perhaps most surprising is 
that so many of those present managed to escape with group members 
inr.spite- of the considerable physical constraints on doing so.
The results reaffirm.the importance of the place affiliation component 
of the affillative model found to be important in the study of exit 
choice behaviour in Chapter 7. Because group members did not all 
leave by the same exit at the same time, the analysis of exit choice 
behaviour when leaving the building concentrated on individuals. Just 
as the occupants of the MSB left by a familiar route out of the room, 
the majority of the individuals in the Solarium left, via the main 
entrance used by all members of the public to enter the building or 
glass doors nearby. Proportionally more of the staff left via other 
routes with which they were likely to have been more familiar. The 
suggestion by the Summerland Fire Commission (197^, paragraph 178) 
that ’nearly all of the occupants’ of the MSB left via the north 
east service stairway was not supported. It is evident that proportion­
ally more of those from the MSB than the Solarium did leave via the rear
stairway. However, Chapter 7 has shown that half of those in the M3B 
initially left via the MSB entrance.
The final analysis in the chapter attempted to distinguish between 
voluntary (V) and involuntary (inv) separation. Clearly any separation 
from, the group is likely to be (inv) in the sense that there is a physical 
threat to peoples lives which reduces the likelihood that people in 
this kind of setting would leave in the normal fashion (i.e. in 
groups). It might be assumed that if one could define those who 
separate from a family group as acting in a non- or a-social behaviour 
one could at least say, well 'they panicked’. Closer scrutiny of the 
interview statements reveals that most of the family groups who separ­
ated voluntarily (V) had made a conscious decision to take responsibility 
for different group members, (in particular parents separating in the 
crowd to look after or. for different children). By remaining in intact 
groups or dividing into sub-groups,the aim of family group members 
was invariably to increase, the eventual chances of reaching safety 
for the majority of group members. In this respect a family group 
is likely to have tried to adopt an optimal strategy for group rather 
than individual survival. The interview statements certainly provide 
vivid accounts of people in the most desperate of situations acting 
in a number of instances in an altruistic fashion, (e.g. assisting 
each other to jump from the balcony to the Solarium floor to avoid the 
congestion and encroaching fire on the ’flying staircase'). The • 
reasons for mixed group members 'voluntarily' separating are less clear.
In a number of instances their separation took place before there was 
a clear indication of danger. It was impossible to operationally 
measure panic in a way which would make it clearly distinguishable
from_other forms of behaviour.. It is contended that separation by 
mixed group members in this fire is likely to be much closer to 
Mintz and Brown’s model of ’non-adaptive behaviour', in which people 
are behaving rationally at least in..their own terms, than the con­
ventional model of ’irrational1 behaviour. Like the panic scenario, 
Mintz's model is based, on the a priori assumption that, group ties 
break down by definition. The fact that approximately half of the 
people present in.the MSB and Solarium escaped in groups and three-^ 
quarters with at least one other group member, refutes the funda­
mental assumption .in Mintz’s. model and the panic, literature in 
general, that, in a situation of potential entrapment close psycho­
logical ties between, individuals necessarily break down.
SUMMARY
A series of analyses were carried out on the outcome of escape 
behaviour by 38 groups from.the MSB and. 80 groups from the Solarium. 
Decreasing numbers of. groups were intact as people made their way 
to a final exit. Approximately.half of the groups from the MSB 
and Solarium escaped, intact.. The proportional.decrease in numbers 
of groups intact at final exit was however greater for. the MSB, 
where slightly more groups were initially intact. Few groups from 
the Solarium, in contrast to the MSB, sustained serious injuries.
In CLAs strong pairwise associations were found for the MSB 
groups between [BD] ((B) Group Intact at cue by (D) Group Intact at 
final exit), [ED] ((E Injury by (D)) and a weak association
between [BE]. For the Solarium groups the strongest association was
between [AD]: (A) Group Membership and (D). A. possible interaction
between B- x E x D was tested for the MSB groups by representing the 
'profiles', defining the cells of the B x E x D contingency table, 
by a POSA. 90 per cent of the MSB sample were represented by pro­
files B1 El Dl, B1 E2 D2, B2 El D2. The frequencies for the first 
two profiles were statistically over-represented. Many groups 
intact at cue received no injury and remained intact while leaving 
the building (B, E, D = h2.1 per cent). Injuries were limited, 
almost exclusively,, to groups intact at cue. Those groups with 
injuries were-all- not intact at final exit (B1 E2 D2 = 28.9 per cent). 
Groups not intact at cue generally avoided injuries and remained not 
intact at final exit (B2 El D2 = 18.U per cent). Similar proportions 
from the MSB and Solarium avoided injury and escaped in intact groups, 
but a number of those from, the MSB were 'least successful' when judged 
against the joint criteria of injuries sustained and leaving in non­
intact groups.
People generally headed in a 'familiar' direction. The majority of 
those in the Solarium (72 per cent) left via the main entrance 
(or glass doors nearby). The increase in groups not intact at 
final exit could be accounted for primarily by those escaping 
alone. The numbers escaping alone are attributed to the lesser 
degree of cohesion within 'mixed' groups, the crowd congestion 
and constraints caused by the encroaching fire. Almost three- 
quarters of the individuals from both the MSB and Solarium 
managed to escape with at least one other group member.
The results support the affiliative model.
CHAPTER 10
IMPLICATIONS OF THE RESEARCH 
INTRODUCTION
The aim of this last’ chapter is to discuss the findings of
the research presented in Chapters 5 to 9* The Chapter, al­
so provides a brief overview of the content of the thesis and final 
conclusions. The chapter is divided into sections which generally 
reflect the structure of the thesis moving from a re-evaluation of the 
research strategy methodology, and statistical procedures adopted, 
through to the implications of the research findings for theory 
development, the practical implications for escape route design and 
fire,safety procedures.and recommended areas for future research. 
Reference to the content of Chapters 1 to k is intended in part to 
remind the reader of the aims of the thesis. Most of the Chapter is 
devoted to a reappraisal, of the affiliative model of escape behaviour.
A particular principle which has been explored in some depth in the 
thesis is that in a situation of potential entrapment, i.e.-when there 
is (a) an impending physical threat to peoples lives from a fire and
(b) access to an escape route diminishing rapidly, there will be a 
tendency either to (l) ’panic' or (2) affiliate. Although no formal 
definition of panic has been offered, the primary index of panic 
adopted in the existing fire regulation, design guidance and academic 
literature has been examined* this is that psychological ties between 
group members will break down. In either ignoring even the closest 
of family group members (non-social behaviour) or actively competing 
with other people (a-social behaviour), the emphasis of the panic con-
. cept is on self-preservation. In contrast, the affiliative model 
predicts that in circumstances of potential entrapment there will he 
a strong tendency for people to escape to 'familiar persons and 
places'.
In Chapters 1 to 3 of the thesis it was argued that the concept of 
panic has' been considered synonymous with the underlying psychological 
reactions of people during escape. While the physical-science model of 
peoples movement has been fundamental, in escape route design, there is 
considered, to be a strong overlap between the panic concept and physical 
science approach.' The latter . does not assume emotionality per se.
In this sense it is not the same. In Chapter 2. and. ' • . ~ - ■
elsewhere (Sime, 1980a) it has been argued, that the concept of panic 
is used to.justify the psychological, relevance of safety solutions 
based on physical parameters. The two approaches are linked 
through the analogy made between.people and non-thinking objects and 
the interpretation placed.on escape behaviour, i.e. the justification 
for the design solution and explanation for its failure in a fire.
In the introductory chapter of the thesis it was argued that the 
concept of panic has actually delayed research of the psychological 
aspects of escape behaviour.. At the simplest level it is considered 
that the research presented in. this thesis refutes the assumption in design 
guidance relating to existing fire regulations that escape behaviour 
cannot be researched (e.g. Phillips, 1950, 1951) and that people in 
fires are inherently unpredictable (e.g. Strother-Smith, 1978). Indeed, 
perhaps the more -pervasive notion, that people are inherently 'predict­
able', in the sense that in an entrapment situation they can be expected
to 'panic' has also been seriously questioned.
RESEARCH STRATEGY : METHODOLOGY ANDCSTATISTICS
Research on escape behavipur does, however, involve considerable 
practical difficulties. In intentionally avoiding a conventional 
laboratory based experimental, study, the thesis has Incorporated recent 
developments in methodology and statistics in the social.sciences. An 
accounts methodology was: adopted.for several reasons: (a) the impossi­
bility of a direct observational study of peoples behaviour (b) a 
concern to understand, an individual's actions from his or her own 
perspective. The danger in basing one's conclusions on a view of 
escape behaviour (ie the panic concept) which discredits the perspec­
tive of. the fire survivor has- been pointed out.
The second feature of the research design was the application of multi­
variate statistical techniques for categorical data (Act Decompositions 
MSA-1, POSA, Causal Loglinear Analysis). This approach is considered 
to be an advance over the univariate statistical procedures used in 
research on behaviour in fires to date. Much of this recent research 
has been descriptive in content like the research on disasters in 
general which has preceedea it (Janis, 195*0 •" Although, as was 
pointed out, some of the research in this thesis (notably in Chapter 
6)3has been exploratory and descriptive in nature, a serious attempt 
has been made to progress past the 'descriptive'. studies to a level 
of analysis in which not only 'analytic' but 'causal' inferences could 
be drawn (Cisin and Clark, 1962).
To make these causal inferences it was necessary to think very care­
fully not only about what factors to measure but how they should be 
ordered prior to any analysis. Variables selected were ordered to 
be consistent with a 'recursive* (i.e. temporal) model of. the fire 
event. The categories of the variables were ordered- to be consistent 
with whatever underlying pattern of associations between categories 
was expected. The act decomposition analysis too (in Chapter p) was 
aimed at unravelling the sequence of behaviour. As in any statistical 
analysis the statistical association, between, items, i.e. particular 
acts, variables and categories studied, does not prove causation. In 
the context of the unfolding fire event, it is considered that the 
conclusions drawn regarding the relationships between items ordered 
in time, provide strong evidence for psychological factors other 
than 'panic* or the physical., fire spread being the exclusive determin­
ants of the pattern of escape behaviour. Ideally,..it would have been ■ 
possible to measure the objective fire spread in time and the duration 
of acts for different, individuals against these measures. One would 
then map the individual's subjective perception of the degree of threat 
and goals at definable points in time and space, i.e. in moving through 
the environment. Any form of . account of a fire experience, subsequent 
transformation of the account through the coding scheme and statistical 
procedures adopted,inevitably represents an abstraction of the 
original event and experience. The aim, while avoiding over-simplifi­
cation, was to establish meaningful relationships between factors 
influencing the pattern of escape behaviour and outcome. It 
has been difficult to measure the objective fire spread and inter­
relate this with other psychological factors. An attempt has been made, 
in the face of considerable practical, constraints on this type of
study, to measure aspects of the ’static’ physical environment and the 
1 dynamic’ fire spread and goal oriented "behaviour. The primary 
measure of the fire spread has been in terms of peoples awareness 
of ’cues’.
This attention to the nature of cues individuals were alerted to is 
consistent with the primary focus of the thesis on the social and 
psychological aspects of escape behaviour. The statistics used have 
not only made it possible to examine the pattern of interrelation­
ships among' the factors contributing to particular outcomes (e.g. 
safe escape), but to highlight: those people who behaved differently,
(i.e. a’ combination of CLA and POSA in Chapters 7 and 9).
Because of the concern to relate the behaviour to the social and 
physical setting in which it occurred and take into account the 
perspective of those involved, the series of studies reported in 
Chapters 5~ 9 did not conform to the conventional laboratory experiment 
in psychology, in which the conditions and factors measured are under 
the strict control of an experimenter. The research has not been 
presented in general as a formal test of a series of hypotheses. An 
attempt has been.made to operationally measure various principles 
related to the affiliative model (see Chapter 8) and examine patterns 
of behaviour predicted by,.the panic concept, (notably the.notion that 
group ties in an entrapment situation break down).
The research methodology adopted in the thesis might be 
labelled- as a retrospective Iquasi-field experiment’. By this is meant 
not that the event under study was under the control of the experimenter, 
but that an event was selected, which represented the phenomenon of
interest. The precedent for selecting a series of fire entrapment 
situations was primarily the experimental literature which had tried 
to: operationally measure ’panic* in.terms of competition for an exit.
No attempt had been made,, however,, to assess the validity of the experi­
ments or pedestrian (physical-science) model as a representation 
and explanation of escape behaviour. In less dangerous and unpredict­
able circumstances than a fire one could monitor an event as it 
happens. In the present research the 'act dictionary* and typologies 
of variables and categories and subsequent statistical analyses have 
of necessity involved the recreation of an event which has already 
occurred.. Every attempt has been made to maintain the empirical 
rigour employed in experimental research. The particular weaknesses 
in the experiments, on escape behaviour; to date have been pointed out 
in some detail in Chapter 3. Clearly, the. studies presented in this 
thesis are based on a limited.number of fire events and it would be 
helpful to extend the research, further in the future by research of 
other fires.. The advantage of: the methodology adopted in this 
thesis is in the detail of the analyses of behaviour in the settings 
which go far beyond previous research in this area.
As a series of 'case studies' the generalisations made are not con­
sidered to be less than from a conventional laboratory experiment of 
the kind that has characterised the limited research on escape 
behaviour to date. Indeed each laboratory experiment, while potentially 
replicable and controlling the factors which could influence subjects, 
is a case study itself in the sense that it takes place in a parti­
cular physical locale. The studies reported in this thesis are 
exemplars of an entrapment situation referred to in the experimental
and building design literature but not studied directly.
EVALUATION OF FINDINGS IN RELATION TO AFFILIATIVE MODEL
The fires studied were selected to represent a range of entrapment 
situations varying from the domestic house fires in which the occupants 
would in general be familiar with (a) the physical setting and (b) many of 
those people present (Chapter 5) to the more public and unfamiliar 
settings of the hotel fire (Chapter 6) Marquee Showbar MSB (Chapters 
7 and 9) and Solarium.(Chapters 8 and 9). In the Summerland 
fire the role groups studied were the staff and public. Although 
there was no direct measure of: degree of familiarity with different 
areas in the settings, it was known that members of staff in the 
Summerland. building came to work daily via . the N.E. Service stairway 
and rear fire exits while members of the public had to pay to enter 
the building via the main entrance. To enter the MSB members of the 
public had to pay once again., while staff regularly entered via the 
rear fire exit.
The analysis of act sequences (Chapter 5) and measures of the distance moved 
and 'information points’ (Chapter 6) were not aimed at a strict 
measure of hypotheses, principles or strictly defined variables and cate­
gories derived from the affiliative model as espoused by Bowlby (1973 
a, b) and Mawson (1978, 1980). However, the analyses in Chapters 5 
and 6 do provide important background information relevant to any 
interpretation made of the later studies. By adopting an accounts 
methodology and a sequential analysis of the acts derived from an -‘act
'dictionary', it was possible to establish a consistent pattern of
■c
response in the domestic fires (Chapter 5). The 'recognition of 
cues' stage was found to be crucial in all of the fires studied 
in the thesis. In the domestic and hotel fires the early, behaviour , 
following the ambiguous cues, consisted.of referring to other people 
and investigation. Investigation was less important in Summerland. 
Here members of the-public, after initial, discussion with group 
members, referred to staff for information, advice and action to be 
taken on their behalf. What Chapters 5 and 6 highlight is the 
'approach' behaviour in.an approach/escape dichotomy. A tendency 
for people to either move towards, a.fire, or refer to others present 
as a source of information, is a form of 'avoidance' behaviour aimed 
at. anticipating a potential danger. By 'gaining time' and accurate 
information, those present increase their chances of either avoiding 
the necessity of escape behaviour (e.g. by putting the fire out) 
or of reaching safety if escape is necessary. Approach behaviour 
has the function of resolving ambiguities or uncertainty in the 
surrounding environment.
The existing psychological literature on approach/avoidance behaviour 
has generally concluded that approach to objects is an inverted U- 
shaped function of arousal (Berlyne, I960; Dember and Earl, 1957). 
According to the inverted U-hypothesis persons approach environ­
ments that are moderately arousing and avoid environments that are 
extremely arousing or unarousing. However, sources of information 
about a change in the environment are not simply a function of the 
intensity, but also the content of the signal, (ie, (a) the degree to
it provides, clear information about a. fire (b) bow it . is interpreted 
by a person). Recently Russell and Mehrabian (1978). have begun to 
explore whether there might be a similar inverted-U, shaped function 
for affiliative behaviour. Subjects in their experiment were required 
to rate photographic slides in terms of degree of arousal and 
preference for affiliating in the settings represented. The desire 
to affiliate (and indeed, approach) increased in a 'stress' condition.
A
As in the earlier research by Schachter (l959), the actual affilia­
tive behaviour was'not directly monitored. No measures of arousal 
have been made in the. studies reported in this thesis. The research 
did study approach and avoidance behaviour in a genuine threatening 
situation. From the research it. is evident that there are similar­
ities between approach (as a form of. avoidance) and affiliative 
behaviour. The degree to. which they overlap in a particular instance 
is partly circumstantial, depending on the location of group members 
in relation-to each other, to the fire, as well, as the individual's 
disposition to a move in a familiar direction.
Clear support was found for the basic principle of the affiliative 
model that people, when faced by a danger to their lives, have a strong 
tendency to move toward familiar persons and places. The point at issue 
here, in seeking to elaborate the model, is what function the initial 
approach behaviour has in relation to subsequent escape behaviour? Of 
particular interest is the fact that the link between people and attach­
ment objects (whether people and/or places), evidently has an important 
role to play both at the approach (pre-flight or escape) and with­
drawal/escape stage. There is evidently a relationship between
peoples 'behaviour- under threat and the physical setting itself which 
applies as much.to the early stages of a fire, when people may leave 
and return to a familiar location (and/or person) having investigated 
cues, as to the later stage of escape by individuals or groups. The 
fact that exploratory and withdrawal behaviour relate closely to the 
whereabouts of familiar people and.places has been demonstrated in 
this thesis. This is consistent with previous research on individual 
young children temporarily separated from their mother in an un­
familiar room (e.g.. Ainsworth.and Bell, 1970) and research on monkeys 
(Harlow and Harlow,. 1965) •* see Chapter 2. It is argued here that 
it is the information seeking component of peoples behaviour which 
has not received sufficient attention, in the affiliative model of 
escape behaviour as espoused.by Bowlby and Mawson.
Bowlby argues that while attachment and withdrawal have the same 
function (i.e. protection) and are often compatible, they should be 
kept distinct. It would seem logical to include the approach behaviour 
in this framework so that one recognises a trichotomy of approach- - 
attachment - withdrawal. Mawson regards affiliation as the most 
important feature of flight behaviour, suggesting also in his 'central 
ideas' (see Chapter 8) that affiliation,, in the sense of staying where 
one is, is often preferred to flight:
"Where the individual is in close proximity with 
attachment objectsy not even the most severe 
environmental threats ordinarily cause flight."
He also suggests that if flight does occur individuals with attachment 
objects 'tend to move away as a group' and,that 'where the individual
is in- close proximity with strangers, even mild environmental 
flights will cause flight and affiliation to attachment objects'.
While clear support has been found, for the basic principles of the 
affiliative model it would appear,perhaps because it is discussed 
by Mawson as a sociological theory, that insufficient emphasis has 
been placed on the psychological and subjective aspects of the indi­
vidual's behaviour in relation to the group. In the psychological 
literature there has been an. equally notable lack of attention to 
the fact that 'the group’ is a social entity in itself. While Bowlby 
does refer'to the important function of investigation (i.e. approach), 
he does not highlight it. Mawson sees group affiliation as primarily 
a feature of escape behaviour. Neither of them have linked affiliative 
ties clearly to the process of interpreting a potential, threat,as well 
as the subsequent direction, of movement towards then away from the 
danger.
Just as Mawson intentionally points out the similarities which often 
exist between attachment and withdrawal, it would seem logical to 
regard approach/attachment/withdrawal all as related features of an> 
affiliative response to a potential physical threat. This behaviour 
has a survival function.. Before one is prepared to engage in 'affil­
iative' behaviour, whether involving attachment and/or withdrawal, 
one needs to know there is a fire. The function of 'investigation' 
(whether through referring to group members, people external to the 
group,or actively going to the source of the 'cue'), is to find out 
whether immediate action has to be taken to preempt or avoid a danger.
An individual who leaves a., family group to investigate is likely to 
return, to the group with information concerning the degree of threat. 
Similarly males and females (e.g. husband and wife) engaging in different
'coping* activities in domestic fires (e.g. fight fire or warn 
others) are likely to do so on behalf of the group members present. 
Actions are evidently performed, by the individual in the knowledge 
that there are different areas of responsibility which are mutually 
supportive as ’coping* activities. These complementary actions 
contribute to the survival chances of anyone present to whom there 
are strong affiliative- ties.
In the Summerland. fire it was found that despite behaviour which 
looked like 'panic* in the. conventional sense of 'crowding an exit', 
the majority of. the members of the public esc aped with one or more 
group members. Within groups, at least, there was far more cooper­
ative behaviour-than the panic or. physical-science approaches suggest . 
Mixed group members are likely to have been much closer to Mintz 
and Brown's model of non-adaptive behaviour (see Chapters 3 & 8), 
in which people are assumed, to behave rationally 'in their own' 
terms', than the conventional model of contagious irrational behaviour. 
Family groups evidently made more effort than mixed groups to remain 
intact. Even where family groups did split up, it is misleading to 
assume that this meant they were panicking in the sense of ignoring 
group ties. As was. mentioned in.Chapter 9 (see Discussion) family 
groups appear.to have split up,.either because of the immediate physical 
constraints of the situation, or because of a- conscious decision by 
group members to take responsibility for 'weaker' group members (in 
particular children). Just as people with different roles in the 
domestic fires sought to protect property and the group by comple­
mentary strategies, the family group even when dividing tried to adopt 
an optimal strategy for group rather than individual survival.
Mawson's central ideas will need further refinement and elaboration 
in the future.. It. is possible, for example, that he has under­
estimated'the degree to which, in a serious fire, the physical pre­
sence of flames and smoke eventually precludes any other alternative 
than flight. He has also neglected the link between approach and 
avoidance behaviour.. It is likely that his central ideas have 
evolved out of consideration of disasters such as earthquakes or 
tornadoes in which remaining in. a refuge can be a more viable alter­
native to flight. Mawsonfs reference to the response to mild and 
serious environmental threats by individuals being dependent on who 
else is immediately present, is certainly in keeping with the 
differential response to ambiguous and. unambiguous cues by separated 
and attached groups found in Chapter 8. No clear relationship was 
found between group membership (i.e. family/mixed) and 'cue' alerted 
to, but. as was pointed out., this may be partly because of the fact 
that certain 'mixed' groups, included family members and the relation­
ship was confounded.
An issue which the rejection of a panic scenario and adoption of an 
affiliative model, raises, is. the degree to which affiliative behaviour 
is 'adaptive*. Panic behaviour is assumed by definition to be non- 
adaptive in that the chances of survival for the majority of people 
are reduced by the individual's sense of self-preservation. The fact 
that the serious injuries to those in the MSB (Chapter 9) were . 
restricted generally to 'intact* groups demonstrates that affiliative 
behaviour does not guarantee people will reach safety. Those group 
members in 'attached* groups were also less likely to notice ambiguous 
cues. It appears that the first response for those who were separated
was to seek out attachment objects, either to seek protection in the 
group, protect other, group members or resolve'uncertainties; a number 
of the intact groups, in the-MSB did not leave as quickly and tried 
to escape in groups'. In doing so they were caught by the fire. While 
this protective behaviour amongst group members did not prove to be 
effective, to reverse the conventional panic argument and say that 
people who stay together in groups (as opposed to dividing up) are 
'panicking', is not constructive. It merely demonstrates how flexible 
the concept of panic is in apparently being able to account for any 
pattern of behaviour which is unfortunate" in. its outcome.
Judging whether affiliative behaviour is adaptive or not in a parti­
cular case is complicated by the fact that the circumstances may make 
it impossible for the group members to reach safety together. The 
conclusions that are likely to be drawn, differ according to the view­
point of an individual, group or external observer. Mihtz (1951) 
argues that behaviour which is rational in an individual's terms may 
be 'non-adaptive' for others.. To this one might add that behaviour 
which increases or decreases the chances of survival of the group 
may put the life of a particular individual in greater jeopardy than 
if he had tried to escape alone. In general, the role of affiliative 
behaviour is to protect ’weaker1 group mfembers. Reference has already, 
been made in Chapter 9 to the fact that, in contrast to the conclu­
sions of the report of the Summerland Fire Commission (197*0 , it was 
the 'separated' individuals.who stood a higher chance of survival 
because they reacted more quickly. There are likely to be instances 
of fires in.which an individual puts his or her life in greater 
jeopardy by trying to rescue a close relative. It would seem most 
accurate to regard an act of this kind as an altruistic form of
affiliative behaviour rather.than 'irrational' behaviour. The 
underlying function of affiliative behaviour, is considered to be 
adaptive. This does not mean that an individual, in trying to 
protect, other group members who are in immediate: danger, will increase 
his or her chances of survival.
The biggest weakness in previous research and the panic literature 
has been an adherence to an assumption that has never been properly 
examined before. It has been taken for granted that people faced 
by; potential, entrapment will be more concerned with self-preservation 
than maintaining close psychological ties. This thesis has demon­
strated that it is misleading to disregard person and place affiliations
in this way. In the circumstances which the panic concept predicts 
lead, to emotional ties between people breaking down, escape-behaviour 
by affiliative group members is inter-dependent and cooperative 
rather than independent and competitive.
IMPLICATIONS FOR ESCAPE ROUTE DESIGN AND FIRS SAFETY PROCEDURES
Perhaps the most important area of confusion in relation to building 
design is the assumption that the lack of use of a fire escape route 
which might have guaranteed peoples safety is attributable to non- 
adaptive panic behaviour.. This assumption is prevalent in newspaper 
coverage of large-scale fire disasters (Chapter l). Because fire 
regulations are considered to be a rational' solution (e.g. Ministry 
of Works, 1952, paragraph. 2U8 of the Fire Grading of Buildings), lack 
of use of fire escape route, can appear to be 'irrational'. It is 
highly misleading to assume that, because people may head towards a 
familiar escape route and avoid an unfamiliar secondary fire escape
route they are 'panicking'. While some fire escape routes are part of 
the normal circulation routes in public buildings, this tends to be 
rare. Unfortunately, the conventional design of alarms and escape 
routes in buildings such as. department sto'res, cinemas, libraries, 
etc., often relies heavily on the presumption that a fire escape 
can' and indeed,.should function in an emergency only. The affiliative 
model predicts that it’is precisely because a particular fire escape 
is not in regular use and unfamiliar that it is less likely to be used 
..in a fire. The research presented in this thesis has demonstrated 
that' people will prefer the most familiar access route to other 
group members and physical safety.
The distinction Goffman (1961) makes between frontstage and backstage 
areas of institutional settings is instructive in this context.
The characteristic demarcation of public buildings into public and 
staff areas results in staff being more familiar with the overall 
layout of a building. Fire escape routes by definition are often 
unfamiliar backstage routes rarely used by any of the occupants.
Indeed, people are encouraged not to use certain areas by common 
notices such as 'staff only' or 'to be used in an emergency only'.
What has happened is that both the existing fire regulations and 
standard evacuation procedures have adopted the conventional physical- 
science and panic.notion of escape behaviour.- There has been insuff­
icient attention to the affiliative nature of escape behaviour in which 
familiarity with other people and different areas of a setting is a 
crucial psychological variable. Thus, although proximity (i.e. 
minimising the distance to an exit) is a crucial design parameter, it 
cannot 'determine' the behaviour. Similarly, the notion of 'exit
width* while very important,, cannot resolve the problems which are 
caused by ignoring the perspective of the building users in the fire 
situation.
Stahl and Archea (1977, p **3) recommend that the results of research on 
behaviour in fires be used as.-a guide to the application of more 
design-oriented research rather than be applied to emergency design 
per se. This conclusion is endorsed in part.
For although the implications of the research are not specifiable 
in the vocabulary of detailed design guidance (e.g. recommended size 
of fire exit signs), the research does have fundamental implications 
for the general approach to escape route design. No attempt has been 
made in this thesis to develop ’golden rules' as to optimum maximum 
exit distances' to alternative, exits, or minimum exit widths permissible, 
Application of these principles, has undoubtedly improved the chances 
of people reaching safety in a fire. What has to be questioned is the 
underlying psychological model, of escape behaviour which 'informs’ 
the fire regulations and design guidance.
The main problem arises out of a design doctrine which Cooper (1981) 
has recognised in. the design guidance which accompanied the introduction 
of a building model in another area of design: the open plan school.
Cooper suggests that on the one hand there has been a functionalist 
design doctrine (form follows function), on the other, one of 
architectural, determinism (function follows form). Open plan school 
design can be viewed as a reponse to an educational philosophy and 
an attempt to advance this philosophy. There are strong parallels 
in escape route design which is tailored to a particular 'model' of
escape behaviour. These are the terms in which particular
designs are justified in functional terms. Having provided the 
design solution, there is a strong sense in which it is assumed that 
the physical form, i.e. the provision of an alternative fire escape 
route will determine its use.
One of the main themes considered in this thesis has been ’exit 
choice behaviour'., Two characteristics- of this behaviour need to be 
emphasised in relation to building design and fire safety policy 
(i) people in fires think, they need and seek information about a 
fire as it progresses. (ii) they have a strong tendency to remain 
near, or head towards familiar people and locations. Viewed in 
this way walls and. closed doors are nob simply physical barriers 
which vary in terms of their fire resistant properties and, unlike 
'psychological conceptscan: be readily manipulated by: the designer. 
Walls' and doors are visual ana acoustic barriers to information. 
Similarly, doorways are not only for escaping through, but for 
gaining access to other people and information about a fire in its 
early stages.
Current legislation does not in general cover domestic property. It 
is easy to see how a lack of attention to the perspective of 
people involved in a fire can lead to an ’escape plan' or official 
fire safety guidance for domestic settings which is difficult to 
follow.. This applies where information about a fire's development in 
another part of a building is limited (see Chapter 5)« Similarly, 
conventional lists of evacuation instruction^ or advice on what to do 
in a public building on fire, may be helped less by the standard appeal
in block letters: 'DO. NOT PANICthan attention to the need people 
have for accurate information about what is happening if they are to 
act ’appropriately'.
Although the report of the Summerland Fire Commission.(197*0 attributes 
the loss of life to (a) the rapid development of the fire (b) the 
delayed and disorganised evacuation, there are still references to 
'panic' as- the major psychological problem to be avoided (e.g. 
paragraphs 157, 167, 213). Unfortunately, the current emphasis on 
panic leads to strategies which can exacerbate the objective dangers 
of a fire and increase the constraints of the situation in which people 
are eventually required to act.. As Williams (196*0 notes, 'the 
stereotype image of panic as a reaction to disaster leads to delays in 
warnings and ambiguous messages.’ The strategy of limiting the 
information available to people, in a fire in the early stages is 
currently advocated in the fire regulation, and design literature 
(see Chapter 2).
Instead of describing junction points on escape routes in terms of 
their physical properties (e.g. ’nodes' and ’links', Marchant, 1976; 
nodes and arcs,. Berlin 1977), it would seem helpful to regard them 
as 'information points' in a similar fashion to the 'choice points' 
referred to by Best (1969) or connective and nonconnective attractors 
(Stilitz,. 1969) (see Chapter 6). The likelihood of an individual 
exposing himself and others to a serious fire by opening a door, 
might be reduced by attention to the information content of alarm 
systems. Moreover the incorporation of glass in a door,while less 
fire resistant than some materials, is likely to provide less of an
information barrier. Thus, attention to the actual psychological 
constraints on escape behaviour could influence the choice of 
materials. At the moment the model of escape behaviour adopted leads 
to an emphasis on design features such as 'anti-panic bolts' and 
automated mechanical-solutions (e.g.. a combination of sprinklers, 
sophisticated auditory alarm systems and under-utilised escape routes).
The problem in trying to engineer peoples safety, caused by not 
giving them control over their, environment, is beginning to be recog­
nised in other areas.of design such as automated energy control 
systems (Cooper, 1982).
If people are. to be encouraged to use unfamiliar escape routes 
promptly they -will- need to have clear and.accurate information con­
cerning the urgency of the situation, the safety, of group members 
located elsewhere, the location of the fire and existence of alter­
native escape routes. The range of. individuals and groups present 
arid degree of dispersal of both group members and those with different 
roles: staff or public, will vary according to the setting. It is
essential in terms of building management, evacuation procedures and 
design to recognise the.survival function of affiliative ties to 
people and places. It- is possible that if public buildings .such as 
department stores were designed so that people are encouraged to enter via 
one route and leave via another it would create a far greater awareness 
of both as potential escape routes. In an emergency, it may be very 
difficult for building management to overcome the 'unfamiliarity' 
prescribed by the limited function of an existing fire escape route 
design. Clear fire- exit signs, though helpful, are not enough to 
guarantee people will move towards an unfamiliar emergency escape route.
FUTURE RESEARCH
It is inevitable that in attempting for the first time to systemati­
cally research a model, of escape behaviour in fires, that this thesis 
concludes with the proverbial maxim 'more research is- needed*. The 
paucity of research based on the social and physical setting in which 
escape behaviour in fires occurs has been pointed out. This thesis 
has attempted to go some way to redress the balance, albeit through 
a retrospective study of a series of entrapment situations. Ethical 
problems would certainly make direct observational studies of 
escape behaviour prohibitive in the future. The only possibility 
might be if, for example,, a building such as a department store had 
undamaged surveillance equipment (i.e. cameras) which had recorded 
the pattern of escape behaviour. To explain this behaviour it would 
be necessary to incorporate other research methods such as accounts 
into the research, procedure.
While a great deal of care was taken in trying to operationalise the 
basi'c principles of the affiliative model, it would be helpful in the 
future to obtain (a) an accurate measure of the degree of 'familiarity 
of role groups with different physical areas of a range of building 
occupancies (b) to measure the relationship between familiarity and 
subsequent movement in fires. Measures adopted in existing surveys 
(see Chapter 3), in which respondents were asked to 'rate* their . 
degree of familiarity with alternative routes, have not been altogether 
satisfactory. This is mainly because a large number of fires has 
been covered.-with, no detailed representation of the behaviour in 
relation to the Settings. The conclusions drawn are too superficial to
adequately explain the direction of peoples movement-. In trying to 
explore the relationship between familiarity of people with particular 
places further in the future, there would seem to be particular 
advantages in the case study approach and the kind of methodological 
and statistical techniques employed in this thesis. In future 
studies it would, seem important' to focus in a precise fashion on 
’familiarity* with people and places as a psychological variable 
mediating peoples responses. Future research on fires might pay 
attention to potential situations, of conflict between approach (attach­
ment or investigation) and,withdrawal behaviour, the pattern of inter­
action within and between groups, the degree to which, as Mawson 
implies, flight is a 'form: of affiliative behaviour. The way in which, 
certain group members mediate, both, the recognition of cues and sub­
sequent direction of movement also merits further attention.
An area relevant to the development of evacuation procedures and 
escape route designs could be research of the degree to which 
different occupancies (e.g.- cinemas, department stores) do and could 
in future encourage people to enter and leave by different routes.
To do so, other issues such as security obviously have to be considered. 
It might also be instructive in future studies of circulation in build­
ings, to trace the direction.and distance of peoples movement using a 
combination of the methods used in Chapter 6, but relating the behaviour 
to the goal of the individual as he passes through the building.
A very important area for research, which is beginning to receive 
some attention, is peoples response to different types of alarm systems.
This has not been the focus of attention in the thesis. There is a strong 
assumption in the fire regulations, consistent with notions of physical 
determinism, that a conventional auditory alarm signal can automatically 
provoke 'panic*, for example, Ministry of Works, 1952; Fire Grading of 
Buildings, Part 3, paragraph 165;. Strother-Smith 1976)• Conventional 
alarms like fire escape routes, seem to be based on deterministic 
assumptions that peoples movement .in a particular direction can be 
engineered by assuming a simplistic stimulus-- response relationship 
between the sound of the alarm and. immediate escape.: Fire legislation
relating to escape route design.reflects the serious lack of psycho­
logical research : in. this area.. Many of the existing principles have 
developed out of the old adage 'legislation by disaster* and 'informed 
opinion.',. rather than systematic research of physical and psychological 
parameters.
Another area for future research, which has been touched upon, but has 
not been the direct focus of attention in this thesis, is the way in 
which the concept of panic is used. There are evidently serious 
discrepancies between the perspective of those people who are. the fire 
survivors or victims and independent observers after large-scale fires. 
This may well account for newspaper coverage of fire tragedies in 
which the blockage of a main exit by people has been attibutea to 
'panic*. Future research might explore the potential differences in 
perspective of people with different roles (e.g. firemen and fire 
survivors). A potentially fruitful area for future research could 
be the parallel between .the way the concept of panic is used and the 
notion that the concept is used as a 'causal attribution*. According 
to attribution theory there are distortions between the perspective of
'actors' and 'observers' which can be explained by a tendency to 
underestimate the effects of external circumstances (in this case the 
fire) when trying to explain other peoples actions (see Sime-1980a, 
1980b).
Finally, perhaps the most interesting potential line of development 
for the affillative: model is in terms of its general relevance as 
a theoretical model, applied by social scientists interested in the 
relationship between people and the physical environment. In recent 
years there has been a growing interest amongst Humanistic Geographers 
and Environmental Psychologists in the concept of 'place' (e.g. Relph, 
1976; Canter, 1977). As Bowlby (1973b) points out (p 176):
"Throughout life we tend to: be dream towards certain 
parts of the animate and inanimate environments 
mainly people and places we are familiar with and to 
be repelled by certain other parts of the environment, 
especially those that exhibit one or more of the 
natural clues to potential danger. ”
It may well be that thb psychological connotations of a 'sense of 
place' for human beings are a vestige of the survival function of 
affiliative ties to familiar territories which characterise a wide 
variety of animal species.
Mawson (1980) suggests that previous research has misrepresented 
the pattern of escape (flight) behaviour by its lack of attention 
to the crucial variable of 'human relationships'. The present 
thesis has tried to relate people's escape behaviour to the social 
and physical context in which it occurs. The main task of future 
research is to unravel the interrelationship between approach and 
avoidance and the mediating influence of affiliative ties to people 
and places.
CONCLUSION
Ini:conclusion the research has demonstrated that in a range of entrap­
ment settings people maintained as far as possible their ties to close 
relatives. In settings in which people are familiar (a) with each 
other (b) the physical layout,.the behaviour amongst cohesive family 
groups is likely to be characterised by an attempt to adopt an 
optimal strategy for group rather than individual survival (even if 
the circumstances make this impossible). In normal evacuations people 
are likely to maintain group ties. These psychological ties will 
become even more important rather than disappear in a fire emergency. 
While the demands of group ties and role related behaviour will vary 
according to the occupancy, the tendency of individuals and groups to 
head towards a familiar exit route in a conventional building setting 
with familiar 'frontstage' and less familiar 'backstage' areas is 
likely to increase in: .a fire.
The notion that individuals with close affiliative ties will try to 
leave a public building in groups ana_need accurate..information 
about a fire if they are to reach safety, is very different from 
the conventional wisdom of the physical-science and panic approaches
underlying current evacuation procedures, fire safety designs and 
research on building evacuations. The panic concept lends credibility 
to the idea that people leave a building as a homogenous population 
of individuals and that large-scale fire disasters involving fatalities 
can be attributed to an inappropriate use of existing fire escape 
facilities. This thesis has demonstrated, in contrast, that the 
notion of person and place affiliation is central to any proper ..under­
standing of escape behaviour.
APPENDICES
APPENDIX 1 (Appendix to Chapter k) 
MULTI-VARIATE ANALYSIS OF CATEGORICAL DATA
In order to accommodate the number and potential complexity of inter­
related factors in a field study as opposed to conventional laboratory 
experiment in psychology a range of multi-variate statistics have been 
applied in this thesis. These statistics and the background to their 
recent application in the social sciencs are introduced, in the following 
sections. Reference is also made to the form in which the results are 
presented. While often in the form of tables of summary statistics a 
number of the statistics have another feature in common - the visual 
representation of the interrelationship between variables through 
diagrams comparable with ]sociograms’ (in which the degree of inter­
action between individuals in a social setting is graphically represented 
either by the. length or thickness of arrows). Broad explanations are 
given of the statistics and the form in which their results are presented. 
These: explanations are intended as no more than an introduction to the 
results chapters. The multi-variate statistics are, where
relevant, backed up by univariate statistics. Since these statistics 
(such as X , Z testbinomial test) are already widely used in the 
social sciences and can be found in standard non-parametric statistical 
texts: (e.g. Siegel 1956) they are not elaborated in any detail. It is 
considered that the multivariate statistics applied here in studying 
escape behaviour in fires have potentially wider application in field 
research carried out by social and environmental psychologists. For 
further examples of statistical techniques applicable to the type of 
data considered in this thesis (^ see Breaux, 1979)-
Reference was made in chapter 1 to a comment by Janis (195*0 that in 
general disaster research to date had been journalistic in nature, 
supplemented by qualitative data limited generally to the percentage 
of interviewees acting one way or the other. .Cisin and Clark, 1962, in 
a paper entitled 'The Methodological Challenge of Disaster Research', 
also refer to the descriptive nature of many disaster studies. As they 
point out 'at an early stage the primary concern is likely to be simply 
just exactly what happened?.'' A further stage are analytic studies: 
’studies, reporting relationships between- disaster behaviour as a dependent 
variable and other characteristics of the individual or family or 
community as independent variables'. As they write, ’at best, an analytic 
study can be said to test hypotheses of relationship rather then, hypotheses 
of explanation or causation.1 . The dynamic analytic, predictive or 
explanatory study constitutes a further stage beyond the more exploratory 
descriptive or even analytic research. In .Cisin ana Clark's opinion 
disaster-research could be best described as in a late stage of analytic 
studies. As has been explained in previous chapters the existing literature 
on escape behaviour in fires has hardly gone further than the descriptive 
level. In the range of statistics used in this thesis there has been 
an attempt to move beyond the descriptive to the analytic and in some 
cases the explanatory level.
Because the selection and 'order' of variables in the statistical, 
analyses used is so crucial to 'inferences' about causation, it is 
worth clarifying the distinction between analytic and explanatory studies 
further. To quote Cisin and Clark (1962):
rIn general, explanatory studies try to make sense out 
of the relationships observed in analytic studies, and 
to gather those relationships into a motivational model 
which explains the behaviour under study as one dependant 
variable. In a sense, the analytic study uses a form of 
regression analysis to- 'post-diet ' behaviour. The 
explanatory study attempts to select and interrelate 
post-dictive variables into a structure that will permit 
pre-diction of the dependent variable'.
As they go on to say:
'In the construction of e x p la n a to r y  models, the general 
procedure seems to be to seek explanatory variables 
which precede the dependent variable in time, or from 
which a causal arrow can reasonably be drawn to the 
dependent variable, or which seem to be at a 'deeper' 
level than the dependant variable '.
This factor- of time is crucial, in studying escape from fires•
Time ±s a primary criterion*in the studies reported for ordering
variables and: drawing conclusions from the statistics carried out. 7n 
an ideal world one would be in a position to actually test the explanatory 
power of a model of escape behaviour through manipulation of variables 
and experimentation • Because: this is difficult, if not impossible in 
the present context, inferences concerning causation have to be made in 
a retrospective fashion •
A second important feature of the statistical analysis of any inter­
relationships examined here (whether ’correlative' or ’causative’) is 
their ’conditional’ nature. Thus, the analyses reported are not restricted 
to simple relationships between pairs of variables unless this can be 
substantiated (e.g. if factor A characterises the individual the probability 
of D increases). It is more likely that a number of factors contribute 
to a particular outcome (e.g. if A and B characterise the individual and 
C happens, D is likely to happen.. Similarly, an individual who engages
L^A^A011 7 may only engage in Z if both actions were preceded by action X).
In specifying that a number of factors are at work one is beginning to 
move away from the experimental laboratory setting into the real world, 
in which multivariate statistics are needed to cope with potentially 
complex interrelationships. A major weakness of the two large scale 
survey studies of behaviour in fires by Wood (1972) and Bryan (1977) has 
been the restriction in general to simplistic relationships between pairs 
of variables, or descriptive summary statistics listing the percentage 
of people engaging in one act or another. In this thesis a serious 
attempt bas been made to make use of multivariate statistics which go 
beyond the simplistic analysis of pairs of variables. The pri.Tna.ry reliance 
of the two main surveys of behaviour in fires on univariate statistics 
is undoubtedly because of the fact that these are the statistics which 
are most widely known.
As Fienberg (1977) points out:
/The analysis of cross-classified categorical data has 
occupied a prominant place in introductory and intermediate 
level statistical methods courses for many years, but with 
few. exceptions the only techniques presented in such courses 
have been associated with the analysis of two-dimensional 
contingency tables and the. calculation of X (chi-square) 
statistics'.
The practice of examining categorical variables two at a time has been
. . . v2
encouraged by the wide availability of computer packages producing X
statistics for all two dimensional marginal totals of multi-dimensional 
tables. Although, as Fienberg points out (p.l)5 such an approach often 
gives great insight about the relationship among variables, it (a) confuses 
the marginal relationship between a pair of categorical variables with the 
relationship when other variables are present (b) does not- allow for the
simultaneous examination of these pairwise relationships.
(c) Ignores the possibility of three factor and higher-order interactions 
among the variables.
In addition, it is possible that the variables and/or sub-categories 
are related to each other in terms of underlying dimensions or scales' 
of similarity. The application of multivariate statistics allows one
to examine  the possibility of interrelationships between sets of variables..
The statistics used: in this thesis are now briefly introduced under the 
follqwingheadings: Transition Matrix (Graph) Analysis , Multi­
dimensional and Partial Order Scalogram Analysis (MSA-1 ana POSA), Causal 
Loglinear Analysis (CLA). These statistics are presented roughly in 
the order in which they appear in the text. For a clear . 
understanding of the details of. the analyses it is necessary to refer to 
the- references, cited and the particular chapters of results in which the 
analyses appear.
TRANSITION MATRIX ANALYSIS .
This form of analysis allows one to (a) incorporate far more acts than 
appear in previous research on behaviour in fires (b) to examine sequences 
of behaviour.• Bryan (19775 p l8l-A, 286) refers to the potential utility 
of examining sequences of acts through a transition frequency matrix (or 
'weighted diagraph' as he describes an illustrated flow diagram of behavioural 
sequences). However, there is no serious attempt on his part to analyse 
chains or sequences of acts. Further details of the Act Decomposition 
analysis employed in this thesis can be found in Breaux (1979) Sime (1979) 
and in chapter $.
The analysis essentially involves firstly the construction of an act 
dictionary representing the range of possible actions in the event under 
study (e.g. range of fires within a particular occupancy type). In Chapter 
5 the way in. which.the actions engaged in by individuals in the domestic 
fires were categorised is described. Through various- stages 
of coding an act dictionary of 25 representative global categories of 
acts was drawn up. The next stage was to draw up a ’transition frequency 
matrix*. This is a matrix in which the preceding acts are listed down 
the side and the same ’following.’ acts across the top. A simplified 
example incorporating A actions A,B,C,D is presented in table 4^.2.
The sequence of acts fox each individual’in the sample and the 
frequency of acts following each other are listed for the total, sample 
of individuals in the cells of the table. In the notional example 
(table *4.2), act B followed A 20 times. The matrix accommodates acts 
which are ’cyclical’ in. the sense that an individual might revert to a 
previous act (e.g. A —* B —*A) before engaging in another act (i.e. A-^B 
-*A-«*B'-^ C). It is also possible to. represent an early act which an 
individual reverts to later in the sequence.
The statistical analysis consists of establishing those act transitions 
which occur with the highest frequency. These transitions are represented 
in the form of an ’act decomposition*. A simple illustrative example 
based on table b.2 appears in figure U.l. Unlike the act decomposition 
in chapter 5 the numerical strength of the transitions does not appear 
in figure k.l. The form of graphical representation of the act transitions 
has been adapted from graph theory in mathematics (e.g. Berge 1962, Snow 
and Scoins ,1969. 3 Kaufman 1972). The grouping of acts (e.g. A«*>B) which 
are cyclical is termed an ’equivalence class’. Technically an equivalence
Table b.2
ACT TRANSITION MATRIX; SIMPLE EXAMPLE
A B C D
20 : 10
15
8 12
Figure L.l Eillustrative. example of Act Decomposition 
for above Table b .2
(Equivalenceclas
C J  (Repeated act
(q. scores appear next 
to the arrows)
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class'is defined by a group of acts (or possibly a single act) such that 
within the class any act can be ’visited’ (that is lie on a behavioural 
path) more than once before that class is departed. Within a class 
there is a path linking all the acts.
The first stage of the analysis of frequencies in the transition matrix 
is to compute a coefficient of cell eccentricity: ’q’ (see Vanhoof 
1968). This helps to define act transitions which are potentially 
notable.--The coefficient, also known as the standardised residual (or 
coefficient of deviation), was initially suggested by Daniels (Andrew 1956) 
and is given by the formula.. _ Oi,j - Eij (where 0 = observed cell
MT~
frequency, E = the expected, under the assumption that frequencies are 
randomly distributed throughout the matrix). Unlike the more well-known 
X^ measure for the two sample cases with which it has some similarities:
X^  lili the ’q’ coefficient can be calculated for cells
Ei.j
within a table which also includes a high proportion of zeros and low 
2 .frequencies. X is an overall measure of whether there is an association 
between two variables and does not relate directly to individual cells 
in a matrix (see Siegel 1956 and Breaux 1979)*
The graphical decomposition is a summary of the acts with the highest 
transitions indicated by a value of q> + I.85 (i.e. significant at 5% 
level) next to the arrows. For the sake of interpretability this level 
has been relaxed in the act decomposition presented in chapter 55 so that 
transitions occurring at a slightly lower level are also included.
The act decomposition is also used to represent actions which, inde­
pendently of their position.i.in an act sequence,, occur more often. Thus, 
additional analyses based on the normal distribution of scores for the . 
row totals in the transition matrix are presented in chapter 5» as are 
the overall difference in the frequency of acts for different role 
groups in the sample of people studied. . These measures based on..the 
Z scores are clarified further in chapter 5. The main 
advantage of the sequential analysis of the act transitions is in 
reflecting the ’dynamic’ nature of the fire event. It is assumed that 
a fire is not static in the sense that individuals are necessarily able 
to engage in particular acts later in a fire. Actions are assumed to be 
’conditionally specified’ in that certain options later in a fire might 
be more constrained by the fire spread or preempted by earlier actions.
MULTI-DIMENSIONAL. AND' PABTIAL ORDER SCALP GRAM ANALYSIS (MSA -&.P0SA)
The statistical techniques described in this section have developed out 
of the work of Guttman (195 )^ and his colleagues, who were concerned with 
the selection of non-metric categorical items for inclusion in tests or 
questionnaires. The family of techniques also includes metric statistics 
and a formal rationale for the design of research projects termed ’facet 
theory’. A thorough exposition of facet theory and its associated 
multi-dimensional..scaling (MDS) procedures is given in Borg (1977) and 
Shye (1978). The following discussion is limited to techniques which 
have evolved for the analysis of nonmetric or categorical data. The 
most well-known of these techniques in common use in questionnaire design 
is the Guttman Scale which is used to incorporate items (i.e. questions)
which can he ordered in terms of a common range of meaning >(i. e. by noting 
which questions are endorsed one can evaluate the degree to which individuals 
are in agreement with, whatever underlying attitude/concept is being 
considered). Multidimensional and Partial Order Scalogram Analysis (MSA) 
and (POSA) were developed after the more simple Guttman scale to cater 
for more complex problems or data.
The MSA is sometimes used in an exploratory fashion for examining the inter­
relationship between a large number of variables and subcategories.
Because it is used in the present thesis as the first stage of analysing 
a range of items derived from peoples accounts of their fire experience 
it is described first. All of these techniques have in common the basic 
format for recording the items included in the analysis and their occurrence 
for individuals: the scalogram. A scalogram is a rectangular matrix in 
which the columns represent items and the rows individuals in the sample.
The matrix indicates for each individual the category to which he or she 
belongs in each item.
MULTI-DIMENSIONAL SCALOGRAM ANALYSIS (MSA)
MSA is particularly useful, as Zvulun. (1978) indicates, -for handling a 
data design containing multivariate distributions of observations (which 
may be ordered or not) 'without settling for pairwise comparisons of 
variables'. In this sense the scalogram techniques have a similar utility 
to that of Loglinear Analysis described in a later section. The MSA 
programme is normally used where the researcher is dealing with a relatively 
large number of variables and categories of the variables. At present there 
is a programme size limitation to MSA-1 (the particular MSA programme
in most widespread use and applied in this thesis). Matrices are
confined to 99 individuals, 50 variables and 20 categories. What follows
is an attempt to briefly summarise the features the MSA-1 and the way
in which it is used, in as a. non-technical a way as possible. For further
details of the MAC Multivariate Analysis of Contingencies) algorithm
>•
used in the programme see Lingoes (1968).
The MSA-1 programme has been, used in the past to study how people, or 
objects are related across, a number of discrete social and environmental 
variables.(e.g. Bloombaum 1968; Dolev .196.9, Lieblich and Haran 19&9 5 
Hill and Tzamir 1972, Shalit 1977)* These studies cover topics ranging 
from.the classification of cities in terms of riot indices, people in 
terms, of a range of clinical frustration and stress indices;* alternative 
regional plans. Several, studies have been, concerned with the classification 
of genetic relationships among strains of mice.and behaviour sequences 
of mice (Guttmann and.Guttmann 197^5 Guttmann et al 1969). MSA has been 
found, to be particularly useful in environmental psychology in classifying 
physical attributes (e.g. furniture in living rooms, Lauman and House 1970) 
or building types (e.g. Groat'1982) in terms of peoples preferences. There 
is therefore flexibility in terms of the items one is examining. All of 
this research has been concerned with solving the same problem: given a 
sample of N objects or individuals, each of which is measured on each of 
P variables (often labelled as ’items1 in the MSA literature) devise a 
classification scheme for grouping the objects into G classes or categories. 
Other multivariate techniques also concerned with this problem, in 
particular 'cluster analysis' are discussed elsewhere by Everitt (197^) 
and Breaux (1979)*
Having identified the population (i.e. individuals), the items and 
range of possible categories which characterise each.item, the first 
stage of the analysis is to list against each individual his or her 
category membership under each item. A simple example helps to illustrate 
this. In the example there are k items (A,B,C,D) and a population., of 
eight subjects (1-8). The items, have a range of two elements: category 
1 and 2. Table ^.3 represents a simple form of scalogram in which the 
’profile’ of categories for each individual is known, as a ’struetuple’.
In fact, (2 x. 2 x 2 x 2 )  = 16 structuples are logically possible for 
the number, of items and categories represented..
This is the format in which the data is input into the MBA-1 programme.
MSA aims to create a geometric representation of a multivariate distrib­
ution (a scalogram) taking into account interrelationships among the 
items. There are no prior demands on the distributional characteristics 
of the items of relationships among them. MSA-1 provides a plot of the 
profiles, (i.e. structuples) in a multidimensional space such that those that 
are most similar are closest together. In the output from the programme 
it is the profiles which are plotted, not each individual unless repre­
sented by a unique profile. The nrogramme. ' gives separate plots for 
each variable in terms of its category scheme. If there is a close fit 
between the raw data and the geometric representation the level of 
distortion measured by .the ’coefficient of contiguity’ should be nearer 
to +1 (in the case of complete discrepancy its value is -1). If there 
is consistency across items in the way particular individuals fell into 
different categories it should be possible to partition the plots for 
each variable into clear regions of space. Generally categories with 
the same code (e.g. l„or 2) should be in the same region. By drawing in
Table U.3 Scalogram Example expressed as a structuple list 
for each individual.
Individuals Structuples 
A B C D
1 2 1 1 1
2 • 2 2 1 1
• 3 2 2 2 1
k- 2 2 2 2
5 2 1 2  2
6 1 1 2  2
7 1 1 2  1
8 1 1 1 1
partition lines on the plots for each variable, and overlaying these
lines on the overall plot for the individuals it-is possible to examine
(a) in'what way individuals in the same region are related in terms of
the coding scheme .(b). to see whether support for the coding scheme can be
■found by identifiable regions of-points in the spatial configuration. The MSA
output is difficult to understand without a visual example and is clarified
by reference to the results of an.MSA-1' in Appendix.3. An'
example, of the way in which, partition lines, are drawn between different
regions of. the category space in the visual output from the MSA-1 can
be found. for the structubles Table U.3 in Zvulun (1978).
The formal method for defining the variables (items) and categories
included in the analysis is the 'mapping sentence' (see Shye 1978,.p 179)*
'A mapping sentence provides a unified scheme for defining 
a universe of observational items. It is composed of two 
major parts: the formal part which is made■ up of its facets 
and the less formal part, which comprises the phrases linking 
the facets together’ .
An example of a 'M.S.' appears in Appendix 3 and Chapter 7 ana is not discussed 
here. According to the rationale of 'facet theory' there should be a 
fit between the constituent components of the mapping sentence often 
termed 'facets' and the 'elements' of the coding scheme. A facet is in 
essence any way of categorising observations so long as the elements of 
the category sc hfeme are mutually exclusive. The terms . 'facet' and 'elements' 
are replaced by the more familiar terms'variables' and categories 
respectively in the range of analyses presented in the thesis.
Background facets and common range facets in the terminology of facet 
theory and. the mapping sentence are comparable with explanatory and 
response variables respectively (or independent and dependent variables)
■when ’causal' models (or the treatment effects in factorially designed 
experiments) are being discussed. The mapping sentence is recommended 
when applying statistics such as Smallest Space Analysis (SSA: See Shye 
1978) since it formally states the pattern of interrelationships between 
facets expected in the data-in.practice the mapping sentence is not always 
used when carrying out MSA (see earlier references). The MSA statistic 
is often most useful at the exploratory stage of research (e.g. when 
developing a coding.scheme). Indeed, in refining a coding scheme, a number 
of alternative mapping sentences is- often tried out in an attempt 
firstly.to establish their face validity;, (does the coding scheme expressed 
in the form of a mapping sentence make logical sense?) Subsequently, the 
statistical analysis, is used to explore the fit between the coding scheme 
(expressed as a..mapping, sentence) and the pattern of interrelationships 
found in the data.
PARTIAL ORDER SCALOGRAM ANALYSIS (POSA)
Unlike MSA, in which the order of categories as pre-defined by the 
researcher is not important,. POSA may be regarded as a special case of 
MSA that applies when the universe of items nas a common range; (that is 
the response ranges of all items are similarly ordered with respect to 
a common meaning). In questionnaire design a researcher could be concerned 
with including items (i.e. questions) which are all concerned with a 
particular concept, (e.g. intelligence). The POSA is used to represent 
a case where although the items cannot necessarily be ordered in terms of 
a clear underlying scales they form a'partial order'. The latter reflects 
interpretable regularities in the data. The analysis consists in finding
the partial order configuration, if any, that best accommodates the 
data. Items are arranged into, the'most compact geometric space possible 
which preserves the original order and can account for qualitative 
differences amongst items. In. effect a set of ’profiles’ are compared 
and the similarities between them represented using a simple configuration 
known as a Haase diagram. POSA has been used previously in the classifi­
cation of ’projective techniques’ as applied in clinical psychology (Gutt­
man, 1971), worries about deprivation of job rewards (Shye & Elizur, 1976), 
household amenities as a social/economic index:(Levy, 1977). For further 
details of the POSA technique see Shye (1978, Ch 10).
In brief, POSA makes use of the same kind of structuple (profile) lists 
provided in Table U.3 . The aim is to see whether the profiles represented 
reflect an underlying quantitative dimension (and qualitative differences 
in certain cases). For this to apply certain profiles would not appear.
For example, if in the previous example (Table U.3) all l6 profiles
(or structuples) characterised the population, there would be no definitive
pattern. The profiles in Table U.3 are in fact inconsistent with a POSA.
An example is provided in Figure U.2 of the kind of symmetrical POSA 
based on the earlier example of b variables (A to D) each with two cate­
gories. Normally the frequency of occurrence of particular profiles 
is indicated in brackets near to each of the profiles on the POSA con­
figuration. The ’joint score’ to the left is the ’sum’ of the categories 
for each of the profiles on.the same ’level’. The progression downwards 
represents an increasing scale. Order relations are represented by lines 
connecting profiles which differ in one category. Profiles are arranged 
into a pattern in which the lines'do not cross. To achieve this, pro­
files with low frequencies and together constituting a small’proportion 
of the total population (e.g.<«05). may have to be excluded. If the pro­
files cannot be arranged in this way they do not have an underlying uni- 
or partial order dimensionality.
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Figure b.2 Example of Symmetrical Partial Order Scalogram 
(diamond shape)
Additive
Index A B C D
k 1 1 1 1  ______
. 5 2 .1 1 1 . 1 2  1 ^  1 1 2 1  1 1 1 2  
6 ' ^ 2^2 1^1 . ^ 2 2 1 ^ 1 '2^2 
T 2^2^ 1 ' ^ l  2 * 2^2
8 2 2 2 2
Lateral Direction
Shye (1978/P* 268) states two assumptions of...the POSA:
(a) a substantive rationale has guided the selection of the variables 
to be processed together, indicating that they sample,or cover the 
different aspects of a well-defined universe.
(b) the range of each- variable is ordered and the order is uniform 
in its.direction and general meaning for all variables included in the 
analysis.
As Shye points out, in using MSA neither of these assumptions are absolutely 
necessary. The simplest form of scale for a collection of items of the 
kind described is commonly referred to as the perfect scale' or 'Guttmann 
Scale'.In the example cited in which there are U variables each with two 
categories a unidimensionsal scale of this kind would consist of the 
following profiles: 1111, 2111, 2211, 2221, 2222. Here the variables 
as ordered A to D have the property of being cumulative; (i.e. they 
can be ordered.in terms of the degree to which they are related to an 
underlying concept or measure). In questionnaire design in which those 
items (i.e. questions) are only included which are consistent with an 
underlying scale, one should generally be able to predict which questions 
have been endorsed (i.e. category membership) by summing the categories 
within profiles (i.e. 1111 = b, 2111 = 5S etc.). Thus individuals can be 
represented by a single scale. Profiles such as 1211 or 2121 are incon­
sistent with this rationale. In questionnaire design items are sometimes 
excluded to keep the responses consistent with a 'reproductability 
coefficient' R of > 0.9i(i.e. conventionally a 10% error rate is acceptable). 
R = 1 - no of errors/no. of responses (see Guttman 1950, Oppenheimer 1966).
Items (i.e. background facets/variables) included in the POSA do not 
have to be categorised in terms- of the same ’common range'.(e.g. all 
with two categories: satisfied/dissatisfied). POSA can accommodate
items with more than two categories per item. POSA is also often 
applied to items with the same categories. However, it can. be used to 
relate background and response variables with different categories but 
all measuring aspects of the same phenomenon (see Chapters 7 and 9).In 
studying real life situations of the kind of concern in this thesis it 
is far less likely that one could validly ’reorder’ items in terms of 
their cumulative weighting or exclude items because they are inconsis­
tent with a single scale as one might when developing a questionnaire.
The POSA allows for flexibility as well as preciseness in representing 
the underlying relationship between, a number of factors which may be 
influential in. a fire.. In general variables have, been ordered in terms 
of their potential, influence, or occurrence in time (i.e. the duration- 
of the fire). Besides representing a number of people who may have 
behaved similarly, POSA is useful in highlighting individual patterns of 
behaviour. In (conventional psychological research individuals who 
respond differently from the norm or majority are often dismissed as 
experimental ’noise’ or error (as reflected in the ’error terms’ in 
analysis of■variance). In this thesis an attempt is made to account 
for characteristic patterns of escape behaviour as well as inconsistencies 
individuals or groups of people who are exceptions, i.e. pursued a 
different course of action from the majority. POSA is applied in a 
number of chapters of the thesis: 7S 8,9. For a comprehensive example
of the application of facet theory and associated statistics to a 
research problem and further discussion of MSA and POSA (see Brown, 1980; 
and Brown and Sime, 1981).
LOGLINEAR ANALYSIS
The statistics discussed so far,i.e.the analysis of act transitions 
(act decompositions), and the MDS (multidimensional scaling techniques), 
are supplemented in the text of the thesis by univariate statistics 
concerned with the distribution of frequencies within categories of 
a single variable and proportional differences/associations between pairs 
of variables or categories within.variables. The role of the loglinear 
analyses carried out is to analyse the inter-relationships between a 
number of variables.- Unlike the MSA and POSAj which are concerned with 
the occurrence or non-occurrence of category combinations i.e. a taxonomy 
of unique profiles (i.e.,. structuples) representing the population of 
individuals studied,, loglinear analysis is carried out directly on the 
aggregated frequencies within categories of the variables. The raw data 
is analysed.in the form of a cross-classified contingency table of the 
kind illustrated by table k.k- for the example already cited of  ^variables 
(A,B,C,D). The frequencies appear in the individual cells of the table. 
Each of the- cells is equivalent to a ’profile’ (structuple) in the 
MDS analyses (for e.g. the asterisked top left hand cell * = A_^ , B^,
CL ’ V -
If a number of the cells of a contingency table such as Table contain 
zeros, it is possible that the typology of ’profiles’ (i.e. cells with 
frequencies) could be represented by a POSA. The cells with zeros are 
equivalent to the profiles excluded in a POSA configuration. In practice, 
as has been noted, some profiles with low frequencies may also have to 
be excluded, to fit the typology of profiles to a POSA.. If there were a 
large proportion of cells with zeros and small .sample of people it is
Table h.k Example- of cross-classified, contingency table 
for k dichotomous variables
AI A2
V B2 Bi B2
- V °2 o H O ro o H
__
_
OJ
o
cr. C2
h *
D2
’
* This cell is eq.uivalent to profile.(structiple): 1 1 1 1
possible that the data could be accommodated by a POSA but would make
little sense or be difficult'to analyse by loglinear analysis.. In fact,
2 ’loglinear analysis is rather more flexible than X analysis (see Siegel, 
1956) in coping with cells containing zeros. It is possible to have a 
set of data which has no underlying pattern of associations between 
variables or categories. In this case neither the POSA nor Loglinear 
Analysis would produce a ’model’ which would fit. Alternatively, one 
or the other or both could fit.
In this thesis the particular- statistic applied has depended on (a) the 
particular research problem (b) the universe of items being studied
(c) the distribution of frequencies. "Where a POSA and loglinear analysis 
have been carried out using the same data base (see Chapters 7 and 9)s 
the analyses have proved, to be complementary. The loglinear analysis 
provides a statistical measure of the association between variables.
The POSA clarifies the underlying pattern of the relationship between 
categories of the variables.
Essentially loglinear analysis involves the testing of a range of alter­
native ’models’ of possible relationships between two or more variables.
A set of ’expected’ or estimated frequencies based on a particular model 
is compared with the observed or actual frequencies in the overall table. 
The test of no association or independence between a pair of variables, 
in the more widely used test,represents the simplest possible model. 
For the example cited there are a range of possible marginal tables into 
which the frequencies for A x B x C x D could be collapsed: (A x B,
A x C ,  A x D ,  B x C ,  B x D ,  C 1 D', A x B x C ) .  Each of these marginal 
tables would have the same total N. Loglinear analysis allows
one to simultaneously examine the possible-pairwise and higher order
relationships between, the variables being studied. The conventional
2procedure using the univariate X analysis is. to examine pairs of 
variables independently of each other. This may lead to misleading 
results when, for example., one examines whether there is an association 
between variables A & B, B & C, while ignoring the possibility that 
A, B, and C are interrelated. For example A & B might be related within 
different levels (or categories) of C. Such a relationship would be 
termed an interaction, or ’second order' association between three 
variables as opposed to Jfirst order’ association between a pair of 
variables. It was the recognition of the weaknesses in limiting analyses 
of categorical data to first order associations (see previous quotes 
from Fienberg .1977)’ developments in statistical theory and the availa­
bility of high speed, computers during the past 10 or so years,which led 
to the development of loglinear analysis (and indeed MDS techniques such 
as MSA). With the recent publication, of several introductory texts its 
use in social science, research is likely to become much more widespread, 
(see Bishop et al 1975, Everitt 1971, Fienberg 1977, Gilbert 1981).
To clarify the nature of the analysis: the determination of a specified
set of expected frequencies is accomplished by ’fixing’ specific sets of
marginal frequencies. In other words a table is generated in which some
specified marginals are fixed to be identical in the data table, whilst
others are left unconstrained. The fixed marginals are those which
correspond to the relationships included in the model to be examined.
The fit between expected and observed frequencies is measured by the
2goodness-of-fit statistic: G .
G',2 2 \  (Observed) log (■
2 2 The values of G can he referred to a X distribution table to check
their significance. The analysis of a multiway contingency table using
the loglinear approach makes similar assumptions of the cell frequencies
as those encountered in analysis of variance (see for e.g. Kirk 1968).
Thus, it is assumed by converting into logs the cell probabilities
derived from each cell frequency divided by N ; one can begin to examine
a number of additive effects. The best fitting model takes account of
all the possible associations:. A number of computer programmes have
been developed for carrying out loglinear analysis (see Everitt 19T7
and. Gilbert 198l).v The particular programme, used: LOGLIH includes an
1 interactive proportional scaling1 algorithm for calculating table
frequencies for models and a Screening1 procedure (see Gilbert, 1981,
Brown,. 1978).
Unlike the MSA programme which can accommodate up to 50 variables, POSA 
and loglinear analysis-are normally carried out on up to about 6 variables 
There is no absolute limit .on the number of variables and categories, but 
as in MSA-l}the less the variables the more interpretable the results. As 
one increases the number of variables and categories one is likely to 
reduce the size of the frequencies within cells of a table for a particula 
sample of individual.
As the number of variables included increases , -bhe number of possible 
models increases.rapidly. Thus, it is necessary to limit the anlaysis 
to the main variables and categories of interest. A particular ’hybrid1 
of loglinear analysis, ’causal loglinear analysis’ (CLA) (see Fienberg 
1977, Gilbert 1981) is used in the thesis. The.associations found in
loglinear analysis do not prove causation. However by imposing logical 
limits on the number of models one needs to test,C.L.A. allows one to 
make ’causal.’ inferences concerning the nature of the relationship 
between variables. C.L.A. is clarified in greater, detail in presentation 
of statistical results in. chapters 7, 8 and 9-. In brief, however, it 
is based on the assumption that one can logically order variables in 
terms of a 'recursive’ or temporal model (Gilbert 1981). In a fire 
context this is particularly applicable. Thus, in our example (table 
^.3) one would assume that variables are placed in the order A-^B -^D.
The arrows represent the order of occurrence of variables in time. By 
inference there is only one direction of possible causality (e.g. A can 
'cause’ B, C and D; D cannot cause A, B or C since these precede D..in 
time. The results, of. C.L.A. can be represented by causal or path 
diagrams comparable, though not directly equivalent, to those used in 
path analysis based on metric data. (see Duncan 1966,, Kim and Kohout 
1970,,Fienberg 1977,. Gilbert,-1981).. Visual representation of the 
results consists of directional arrows between variables associated, 
together with estimates.of the strength of association between variables 
calculated by the U or 'uncertainty coefficient’. This coefficient and 
other features of the ’screening’ procedure in LOGLIH used to ’partition’ 
the G into a nested hierarchy of models are discussed by Gilbert (.1981).
Wood (1979) in one chapter of his PhD on peoples behaviour in fires
2did attempt to go beyond pairwise X tests of variables. He used an equivalent 
to factorial analysis of variance for categorical data based on conversion 
of the frequencies onto a logit scale. Arranging the data into a factorial
layout he was able to examine the relation between a range of potential 
’explanatory’ or background variables and the ’outcome’ or response 
variables of evaluation, re-entry and movement behaviour through smoke. 
Most of the statistics he applied however are limited to pairwise 
comparisons. He is forced into assuming a priori (p 70) that the 
variables of concern were related in ’simple rather than complex ways'. 
Factorial analyses of the kind he did carry out (Chapter 13, Wood, 1979) 
have generally preceded the more recent developments and availability 
of loglinear analysis, (see Dyke and Patterson, 1952; Yates, I960, 
Maxwell and Everitt, 1970,.Armitage, 1971)- Unfortunately, the factorial 
analysis is limited to variables with two categories only. The inter­
relationship between all. of the variables is not examined (e.g. amongst 
’explanatory’ variables).: Loglinear analysis is much more flexible in
the range of models that, can be tested.
The appeal of loglinear analysis and the other multivariate procedures 
discussed lies in the approach to the research issue rather than their 
numerical efficiency per se. Gilbert, (1981) has indicated the potential 
of loglinear analysis for modelling in the social sciences. His dis­
tinction between ’real’ and .’imaginary' worlds is an instructive one.
The ’real world is the set of ’observed’ data. The imaginary world is 
the model of the world which would exist if the model were true. The 
task in loglinear analysis, as in a number of the other statistical 
techniques discussed (e.g. POSA), is to match the real and imaginary 
world. In this context the statistics applied are those which (a) capture 
and represent the perspective of.the.-people:' studied: derive difrdm it he'. 
accounts methodology as<‘well as reflect the dynamic nature of the fire 
spread (b) are likely to provide a valid test of the theoretical 
model of escape behaviour under study.
APPENDIX 2 (Appendix to Chapter 5) : BACKGROUND DETAILS
Table 5*1 Background details relating to Social and Physical 
Setting of Ik Fires.
CATEGORIES FREQUENCY
HOUSE TYPE Detached 1
Semi-detached 5
Terraced 3
Above business premises 5.
NUMBER OF FLOORS Two floors 8
(including Ground Three floors 5
Floor) Four floors ' 1
EXTENT OF SMOKE Material 1
FIRE/DAMAGE Room 1+
Floor k
More than one floor 5
HOUSEHOLD Family 10 '
Multiple-occupancy k
WHO PRESENT Alone 1
Couple 3
Alone plus children it
Range of occupants 5
NUMBER OF KEY One Account . 1
. j. INFORMANTS Two Accounts 6
Three Accounts ’ 3
Four Accounts 2
Five Accounts 1
Six Accounts 1
TIME OF DAY OF Day (7a*m.*~5p*m.») 1
FIRES Evening■. (5p.m.-12p.m.) 8
Night (l2p.m.~7a.m.) 5
TELEPHONE Telephone 9
(in house) No telephone 5
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APPENDIX 3 . (Appendix to Chapter 7)
CONTENT. ANALYSIS OF STATEMENTS (see Chapter 7 : Method and Coding : 
Transformation of Accounts).
The statements were treated inductively in the sense that a range of 
variables and sub-categories was selected which people themselves 
had indicated had influenced their use of one or the other exit from 
the-MSB'. The ’Content Analysis’ included (a) a ’frequency count’ of 
factors, mentioned (b) cross-tabulation of these factors with exit 
chosen (c) the development of an initial ’Mapping Sentence’ used to 
define a. set of factors potentially related to exit choice (d) an 
MSA-1 of the ’profiles’ derived from the mapping sentence (see 
Appendix 1 and below). (c) revision of coding scheme. The content 
analysis was used to establish a communality in the narrative of the 
statements. Subsequent statistical analyses- reduced the potential 
complexity of the data by excluding certain variables and aggregating 
categories. The size of the frequencies in cells of a contingency 
table could be increased in a way in which the data would be amenable 
to the final loglinear analyses.
(a) Frequency Count and (b) Cross Tabulation preliminary analyses 
included (l) paired comparison of a range of variables and the cri­
terion available of primary interest: exit used, (2) a range of
variables in combination, using the crosstabs programme available from 
the SPSS computer package (Nie, et al, 1970). No relationship was 
found between background variables such as cue reported, age, sex. 
or these in turn, with the criterion variable. Variables retained 
and their categories are those relevant to the focus of the study. 
Previous research and a knowledge of the design and building regulation 
literature also suggested factors which might have a bearing on the 
'exit choice behaviour’ and could be worth examining. Some variables
which predominate in design literature, e.g. exit size and distance to 
exits were not examined for two reasons (l) because of the focus of the 
study on seeing whether a range of social and psychological variables 
account for the exits used by individuals without the necessity of 
referring to the conventional explanation of . '
panic (2) the lack of reference in the statements to these
factors as being important. Although distance to exit could not be 
established, it was possible to see whether peoples exit choice was 
influenced by a broad category scheme of ’locations*’
The ’cue' variable was excluded from further analysis 
in Chapter J. By the time people in the MSB became aware of the 
fire it posed a clear threat. As the majority of people reported the 
first cue (and second cue) as ’unambiguous’ there is little point in 
comparing in detail whether being alerted by ambiguous or unambiguous 
cues contributed to the use of one exit as opposed to the other. A 
’cue’ as elsewhere in the thesis, is defined as an indication that 
something is wrong or different from normal. Fifty-two of the 75 
individuals reported being alerted by an unambiguous cue first.
(of the 52, 3^  = saw or smelt smoke, 11 = received warning directly 
from ah individual). Fifty-nine of the 75 individuals reported the
second ’cue’ as unambiguous. In general most people became aware 
of the fire/smoke by being able to see it and note movement away from 
the fire/smoke as it spread into the room from the cavity wall on the 
side of the MSB facing the sea. The less frequent references to 
'ambiguous' cues, in any case, declined as the smoke spread. The 
statements indicate that movement towards an exit was prompted by 
direct knowledge of the fire threat, although some individuals 
responded more promptly.
(c) Provisional Mapping Sentence
Figure 7.3 presents a provisional mapping sentence (MB) for choice of 
exit route- The MS is made up. of six variables (’facets’) and their 
categories (’elements’). To be consistent throughout, the terms 
Acts, Variables and Categories (as opposed to ’Facets' and ’Elements’) 
are used to label and define the different levels of items analysed 
by.a range of statistics in the thesis. No attempt has been made in
the provisional MS to logically order the variables or categories
i "
within the variables... Each, person in the sample of 75 ‘who escaped 
from the MSB could be coded in. terms of the MS. The string of 
categories constitutes a 'profile'. The profiles for each person 
were listed in the form of a. scalogram. The term ’Frequency’ in 
Figure 7*3 has been, replaced by 'Likelihood' in a subsequent MS, 
since a person, can only be counted once.
(d) Multi-dimensional Scalogram- Analysis (MSA-l)
The MSA-1 determines the number of unique profiles, and verifies
the facet structure as defined in the mapping sentence.
The mapping sentence theoretically could provide 2 x 3 x 2 x b x 3 x 2 
= 288 profiles. The actual data revealed 3^, which are illustrated by 
the overall MSA-1 (Figure 7.*0. The coefficient of continuity was
0.91. The individual plots for each variable reproduced in Figure 
7*5 clarify the pattern of interrelationships between categories of 
the variables. The profiles in Figure 7*^ have, been superimposed 
on the overall plot of points (1— 3^ +) on the basis of the corresponding 
points in Plots A to F (Figure 7*5)• To simplify presentation the 
partition lines which divide up the identifiable regions of the space 
(distinguishing category membership) have been drawn in. By overlaying
Figure 7*3 Provisional Mapping Sentence for Choice of 
Exit Route
The frequency with which person U) escaping from the Marquee Showbar 
Facet A Role Facet B Location
situatedwho was a member of the {a 1 public a2  staff
using
Facet C Exit used
I c l fire exit 
i c2 entrance receiving
Facet E Group membership
presentwith j  el friends, colleagues 
< e2  spouse 
( e3 children and spouse
from group members, was
bl near fire exit 
b2 near entrance 
b3 in centre
Facet D Guidance
d 1 guidance to an exit 
d2  instruction to leave 
d3 no guidance
d4 no guidance (i.e. guided others)
Facet F Group attachment
fl attached i 
f2 separated 'and initially 
frequency
Figure 7«^ Overall MSA-1 plot of Variables (facets) 
relating to Exit used (3^ - profiles)
222411
(15)
221411 
(22)
(8)
231411
122312132212 231311
SfS'32232
(10^22332 1 cY122311
122331 > ’(20) 132311
121332 (13)(23) (30)
122222 122322132222 
(33) (34)(2T) 132322
(26) 122321
122221 (14) 132321
(18) (21) (24)
132221
121321 111311
"(1) ,3(1||)1 J31111 (31) 1 211321
' (28) (4) (2 9 )
122121
(19)
121121 111221 
(12) (71I 131121 
(6)
111121
(5)
Figure 7.5 Individual MSA-1 plots for the 6 variables 
(facets)
Plot A Role
Staff
Public
Plot B Location
Near entrance or centre
Near
fire
exit
Plot C Exit Plot 0  Guidance
Provided 
guidance to 
\ e x i t
No guidance 
received
or directed to 
leave only
Guided to exit
Plot F Group attachment at cue
Entrance
Fire exit
Plot E Group membership
With others
(ft husband 
or wife)
With husband 
or wife ■
Separated
Attached
Plots A to F on each other and. the overall configuration, the 
interrelationships amongst the variable categories can be explored.
The regions of overlap reflect similarities in individual profiles.
Of particular interest in.terms; of the focus of the study are the 
’regions' which...overlap, with each of the categories of Facet C :
Exit.
Plots A, B, C and F are similar in the direction of the vertical 
lines which partition the geometric space 5, plots D and E are divided 
up by more horizontal lines. Plots A to F suggest an underlying 
pattern in the data in two directions.. The category regions: public,
entrance location, entrance used, separated,generally overlap, as do: 
staff, fire exit location,, fire exit used, attached. However, while 
many ’separated’ individuals.were located towards the entrance end of 
the MSB and tended to use the entrance, the distinctions between 
overlapping regions are not altogether clear cut. For example, the 
’attached’ category region (l) overlaps to some degree with both of 
the category regions of variables B and C. Individuals with children 
in their group (mostly separated) tended to be located near the 
entrance and use the entrance (compare plots B, C and E).
The pattern of partitioned regions in plots D and E suggests a 
different level (or quality) characterising the sample of 75 indi­
viduals which is not: necessarily ordered in the same direction as 
the other variables. . In other words, variables D and E may contribute 
less directly to the pattern of exit choice behaviour. To explore 
this possibility and the pattern of exit choice behaviour in greater
■A
detail the next stage of the analysis involved (a) further reduction
in the numbers of variables and categories, (b) reordering of the 
categories-within, the variables.
(e). Revision of Coding Scheme.. Reduction and Reordering of 
Categories
One feature of the separate plots of the MSA-1 (Figure 7-5) was that 
the variables could be dichotomously partitioned. Variables A, C and 
F were already dichotomous. To reduce the complexity of the analysis 
and to focus more clearly on categories associated exclusively with 
the use of the entrance or fire exit, variables B, D and E were made 
dichotomous. Another feature .of the revised coding scheme was a 
reversal of the category numbers within variables. Whereas the com- 
patability of category across variables had not been a focus of the 
MSA-1, both the variables and categories within variables were 
ordered to be consistent with (a) a temporal or ’recursive' model of 
the fire i.e. the sequence of events in time (b) the predicted 
relationship between categories. In subsequent analyses the 
criterion or target variable of primary interest: Exit used is
placed last, making it easier in subsequent analyses to distinguish 
between sets of categories related to the Exit used.
The categories of exit used in the revised coding scheme are 1 Entrance 
2 Fire Exit (i.e. a reversal of the original order. The categories 
within other variables have also been altered to be consistent with 
a general prediction that profiles of categories with more ’ones' in 
the string are associated with the use of the entrance, whilst those 
consisting of a greater number of ’twos’ are associated with the use 
of the fire exit (see Chapter J: CLAs, POSA and Mapping Sentence
in Figure 7*10).
Table 7*6 (A) Group Membership by (B) Group Attachment at cue by
(C) Exit Used from MSB.
(GROUP MEMBERSHIP) Family
A2
Mixed
(ATTACHMENT AT CUE) V-..
Separated
B2
Attached
Bi
Separated
: b2
Attached
(EXIT USED)
C^ Entrance 15 13 3 6
C2 Fire Exit 1. 21 0 k
(16) (3*0 (3) (10) (63)
Figure J.d Causal paths betveen pairs of variables: (A) Group Membership, 
(B) Attachment at cue (C) MSB Exit Used, found in the Loglinear 
Analysis, (indicated by thicker arrov and U coefficients)
Group Membership
02k Exit
.006
2hb
Attachment at cue
Table 7*7 (a) Fitting Independence Model to Marginal table 7*7:
(A) Group Membership by (B) Attachment at cue.
Model df G2 Significance
[A] [B] 1 O.kl .532 >.05
(b) Fitting models to table 7*6.: (A) Group Membership by
(B) Attachment at cue. by (C) MSB Exit Used.
Model df G2 Significance
(1 ) u s ]  [c] 3 19.23 .001
(2 ) to] [AC] 2 18.5 .000
(3) to] [BC] 2 1 . 8U .598 >.05
W [AB] [AC] [BC] '1 0.15 •7 >.05
(c) U Coefficient: Strength of' Association
Pair U Significance
[AB] .006 .53 > .05
(d) [AC]
-VCMO .19 > .05
[BC] . ,2hk .0001  < .05'
* indicates association
APPENDIX k (Appendix to Chapters 7, 8 & 9)
REPRESENTATIVENESS OF MSB AND SOLARIUM SAMPLES
Table 9.1 • summarises background statistics carried out.
In rows 1 and 2 the number of ’individuals’ and ’groups' in the 
samples are represented. The method of counting the number of 
groups was as follows:
(l) First of all individuals with no sub-group attachment were 
excluded from the total sample of N = 75 (in the MSB) and lM3 (in 
the Solarium). Eleven staff and one member of the public present 
in Summerland alone were excluded from the 75 in the MSB, leaving
75 ~ 12 = 63. Sixteen staff and U members of the public (alone 
were excluded from the Solarium sample leaving lU8 - 20 = 128.
Staff retained in the samples had clearly defined attachments 
either as musicians on stage in the MSB or on the Solarium stage. 
Alternatively a member of staff has one or more close relatives 
present in the building (either as a member of the public or another 
staff member). There was one instance of this in the MSB (a musician 
whose wife was a waitress) and three, in the Solarium (staff members 
with a wife, wife and daughter, girlfriend present respectively).
Most of the lU staff in the MSB and 22 staff in the Solarium could 
not be categorised as having clear sub-group attachments to any 
group other than the broader category of their role group. The 
overall proportion of staff in the MSB and Solarium samples are 
similar (see rows 9 and 10, Table 9 .1).
Table 9.1 Representativeness of MSB and Solarium Samples: 
Frequencies and Proportions
MSB Solarium Sample
1.
2.
3.
k.
5.
Numbers of INDIVIDUALS in samples
Numbers of GROUPS in samples
Numbers of INDIVIDUALS in GROUPS 
represented
Average GROUP SIZE (3/2)
Ratio of INDIVIDUALS/GROUPS in 
samples (l/2)
75
38
151
3.97
1.97
1U8
80
307
3.81+
1.85
223
118
1+58
3.88
1.89
6. Commission Occupancy figures* 1+00 1250 1650
7. No. of INDIVIDUALS in sample/ .188 .119-'. .135
occupancy (1/6) (19$) (12$) (H+$)
■ 8. No. of INDIVIDUALS in GROUPS/ .378 .2 1+6 .278
Occupancy (3/6) (38$) (25$) (28$)
9. Number of Staff in samples lU 22 36
10. Proportion of Staff in samples .187 .11+9 .161
(9/1) (19$) (15$) (16$)
(* See Summerland Fire Commission. 197^ Report p. 71)
Table 9*2 Size of Groups in Marquee Shovbar (MSB) and Solarium Samples
GROUP
SIZE.
MSB
. Pi
Frequency Proportion
SOLARIUM
P2
Frequency Proportion
TEST OF
betveen
P - P 1 2
DIFFERENCE
PROPORTIONS
Z Significance 
(2 tail) ■
2 Ik .368 18 .225 + .lk3 2.1+3 < .05
3 k .105 16 .200 - .095 - 2.0V < .05
1+ 10 .263 26 .325 - .062 - 1.05
5 2 .053 11 .138 - .O85 -2.25 < .05
6 2 .053 3 .038 + .015 0.55
7 2 .053 2 .025 + .028 -1.12
8 1 .026 k .050 + .021 0.8U
9 + • 3 .079 0 .000 + .079 3.18 < .01
Total 38 100 80 100
(6+) (8) (.211). (9) (-113) (+.098) (2.06) (<.05)
(2) - A group was defined as any collection of people which an 
individual accompanied (i.e. arranged to go to the building with, 
or to meet in the building). A group could consist of two or more 
people (i.e. a couple is counted as a group). If one individual 
member of a group was represented in the sample, he or .she was 
counted once (as representing a group). If several individuals 
from a group were in the sample, these individuals were aggregated 
(i.e. counted-as representing one group).
The numbers of groups represented in the samples were 38 in the MSB
and. 80 in the Solarium. The numbers of individuals represented by 
these groups (i.e. accounted for, not necessarily interviewed) was 
151 in the MSB and 307 in the Solarium, a total of 1+58 (row 3) • By 
treating the ’group' in this way as a unit of analysis (and subse­
quently examining- variables related to the group behaviour) the 
sample size represented is increased.
The average size of the groups present was 3.97 (MSB), 3.81+ (Solarium)
i.e. approximately 1+. (row 1+). The ratio of individuals/groups 
in the samples was 1.97 (MSB), I.85 (Solarium), i.e. on average 
approximately two individuals from each group were actually inter­
viewed. (Row 5). In these comparisons the ratios are very similar 
for the MSB and Solarium. Although this does not indicate conclu­
sively that the sample of people interviewed represent accurately 
those actually present in the MSB and Solarium, it does suggest 
similarities in group size and the range of people present in the two 
areas.
To establish the proportions of people represented by the samples, 
reference was made to a number of occupancy figures from different 
sources given to the Summerland Fire Commission (197^, p 71). These 
range between 1+00 to 680 for the MSB and 1,150 and 2,000 for the 
Solarium. The Commission’s figures of 1+00 and 1,250 are used here 
(row 6). Based on these figures 19 per cent of the people present 
in the MSB and 12 per cent of those in the Solarium are represented 
by the samples of N = 75 and ll+8 individuals respectively (row 7). 
Using the numbers of individuals represented by the ’groups’ as the 
unit of analysis (row 3): N = 151 and 307} 38 per cent of individuals
in the MSB and. 25 per cent of those in the Solarium are accounted 
for (row 8). The total.N = 1+58 represents 28 per cent of those in 
the two areas and 15 per cent (i.e. 1+58/3000) of those present 
throughout Summerland. Slightly more individuals appear to be 
covered by the MSB sample. As a number of people from the MSB died 
in the fire, the authorities may have been more concerned to inter­
view people present there.
Table 9.2 summarises the group sizes for the MSB and Solarium 
samples. The group size ranged from 2 to 9 or more. The majority 
of groups in the MSB and Solarium consisted of 5 or less members. 
While the distribution of frequencies of groups of a particular 
group size are similar for the two samples, there are some specific 
differences. In the MSB there were proportionally more groups of 2 
and 6 or more people. In the Solarium there were more groups of 3 
and 5 individuals. While one might consider attributing the differ­
ences to sampling, the statistical differences and reference to the 
interview accounts suggest that the physically enclosed MSB was used
by more couples and ’mixed’ groups (i.e. not exclusively family 
groups) of a larger size. People had to pay to enter the MSB which 
catered mainly for those wanting to listen or dance to music. 
Statistics for group membership show a slightly higher proportion 
of mixed groups in the MSB (39*5 per cent as opposed to 28.7 per 
cent of groups in the Solarium). Family groups with children are 
more likely’to have preferred to stay within the more accessible 
area of the Solarium.
It should be noted in interpreting the results that (a) whereas all 
the individuals in the samples originated in the MSB or Solarium, 
some of ’their' group members would have been in other areas of the 
building (b) analysing group attachment at cue using the groups as a 
data base does not necessarily imply that all the groups were alerted 
to a cue at the same time (c) identifying the groups which left via 
one or other MSB exit does not mean that all group members left at 
the same time. Sixty-one per cent of the groups did leave the MSB 
intact. Only one individual did not leave by the same MSB exit as 
his or her own group members. In this respect it was possible to code 
groups in terms of exit choice behaviour within the MSB.
In general, it is considered that although many people were not 
interviewed, the samples of groups represent a reasonable proportion 
of the individuals actually present in the MSB and Solarium. Indeed, 
the only research study of a large-scale fire, which is as comprehen­
sive in detail and in the proportion of people represented, was 
carried out on the Beverly Hills Supper Club fire (see Best, 1977; 
Sime, 1980a).
APPENDIX 5 (Appendix to Chapter 9) • TABLES
Table 9.5 (a) MSB: Groups: (A) Group Membership by (B) Intact at Cue
GROUP MEMBERSHIP
A2
Mixed Family
B.. Intact 12 17
INTACT AT CUE
B^ Not intact 3 6
(15) (23) (38)
(b) Fitting model [A] [B] to the table gives:
2 . . .
Model df G Significance
[A] [B] 1 0.19 .668 >.05*
* Model of no association fits data
(c) U Coefficient: Strength' of Association:
Association U Significance
[AB] .00*+ .668 > .05**
** Indicates not associated
Table 9.6 (a) GROUP BEHAVIOUR, MARQUEE SHOUBAR SAMPLE, VARIABLES
A x B x E. (A) Group Membership by (B) Group Intact 
at Cue by (E) Injury.
Ag
Mixed Group Family Group
Bi
Intact 
at Cue
B2 
Not 
Intact 
at Cue
Bi
Intact 
at Cue
B2 
Not 
Intact 
at Cue
E^ No Serious Injury 8 3 10 5
E2 Serious Injury k 0 T ■ 1
(12) (3) (IT) (6)
(26)
(12)
(b) LOGLINEAR ANALYSIS: Results of fitting models to the 
above data.
Model df G2 Significance
1 [AB] k 8.96 0 CT
\
H V O VJ7
2 [AB] [AE] 2 3.^0 .181 > .05
3 [AB] [BE] ^ 2 1.06 .595 > .05*
b [AB] [AE] [BE] 1. 0.63 .566 > .05
* = best fitting simplest model
(c) PARTITIONING OF1 X“ for hierarchy of models G2 (l)-(2)-(U)
(b) G2 (l)-(3)-ib): p <.05 ‘= significant difference.
Subtraction df G Significance
G2(l) - Gp(2) 2 5.56 < .1 (>.05)
G2(2) - G2(U) 1 2.77 < .1 (>.05)
G2(l) - Gp(3) 2 7.9 < .02 (<.05)
G (3) - G2(b) 1 U.28 < .7 (>.05)
(d) U COEFFICIENT: Strength of Association
Pair U Significance
[AE] .01 .52 (>.05)
[BE] .06
IT\
OACMONO
** Association at trend level p  <.1
Table 9.7 (a) GROUP BEHAVIOUR, MARQUEE SHOWBAR SAMPLE, VARIABLES
A x B x D: (A) Group Membership by (B) Group Intact
at cue by (D) Group Intact at final exit.
A1
Mixed Group
A2
Family Group
B1 
Intact 
at Cue
B2 
Not. 
Intact 
at Cue
Bx
Intact 
at Cue
B2 
Not 
.‘.Intact 
at Cue
D-^  Intact at Final Exit 6 0 10 1 (17)
Dp Not Intact at Final 
Exit
6 3 7 5 (21)
(12) (3) (IT) (6) (38)
(b) LOGLINEAR 
above data
ANALYSIS: Results of fitting models to the
Model df
2 . . .G Significance
X [AB] k 7.60 .106 >.05
2 [AB] [AD] 2 6.95 .03
3 [AB] [BD] 2 1.09 • 58U >.'05*'
0.62 .563 >.05h [AB]# [AD] [BD] 1
* best fitting simplest model
PARTITIONING o f - f o r  hierarchy of models (a) G^(l)-(2)-(U) 
(b) G2(l)-(3)-(U): p< .05 = significant difference
2Subtraction df G
(c)
G^(l)-G^(2) 
Gp(2)-G;(U) 
G?(l)-G^(3) 
G (3) —G (U)
O.65
6.33
6.5
Significance
.8 (>.05)
.02 (-=.05)
.05 (<.05)
.5 (>.05)
(a) U COEFFICIENT: Strength of Association 
Pair U
[AD] .01
[BD] .132
** Indicates association
Significance
•5 >.05
.011 <.05**
Table.
INTACT
9.8 (a) SOLARIUM GROUPS: (A) Group Membership by (B) Group
Intact at Cue
GROUP MEMBERSHIP
AT CUE
•^ 1
Mixed_
A2
Family
B^ Intact 13 38 (51)
B^ Not Intact 9 20 (29)
(22) (58) (80)
Fitting model [A] [B] to the table gives:
Model df
2 . . .G Significance
[A] [B] 1 0.28 .602
*Model of no association fits data
(c) U COEFFICIENT: Strength of Association
Pair U Significance
[AB] .0028 .602 >.05**
** Indicates not associated
Table 9.9 (a) GROUP BEHAVIOUR: SOLARIUM SAMPLE, VARIABLES A x B x D
(A) Group Membership by (B) Group Group Intact at Cue
by (P) Group Intact at Final Exit.
Ai A2
Mixed Group Family Group
h
Intact 
at Cue
B2 
Not 
Intact 
at Cue
Bi
Intact 
at Cue
B2 
Not 
Intact 
at Cue
Intact at Final Exit 6 0 25 12
Not Intact at Final Exit T .9 13 8
(13) (9) (38) (20)
(b) LOGLINEAR ANALYSIS: Results of fitting models to the 
above data
Model 
[AB]
[AB] [AD]
[AB] [BD]
[AB] [AD] [BD]
[AD] [BD]
(c) U COEFFICIENT : Strength of Association
Pair .
[AD]
[BD]
* Indicates association
df G Significance
h IT.21 .002
2 8.03 .018
2 13.96 .001
1 5.50 .018
2 5-5 -062 :
i  
U Significance
.083 .00U
.026 .108 :
(U3)
(8?)
(80)
05
05
05
05
05
05*
05
Figure 9 ^ . FORWARD (CAUSAL) AID REVERSE (NOW-CAUSAL) LIWKS FOUND 
BETWEEN CATEGORY LEVELS FOR MSB VARIABLES B x E x D*
(1)
(2)
(3)
FORWARD (Causal) 
First Order
REVERSE (Non Causal) 
First Order
D .62 .690 89 Derived from o 92 
y table 9.10 ^
0.38 0.31
.620 39 Derived from o 9U 
y table 9.12 y 0.380.55
1 n Derived from * n 
table. 9.130.65 0.57
p.35
W
0.38
1.0
Second Order
°'T8 Derived from 0-92
table 9.11 
n fia . t and figures
’ i 0.89 9•2j9•3 ; 0.52
Second Order 
^  . (3,1L V~2, 
0.9^
& ■  &
0.78
°>33 T 0.9U7r 0.33
& <3)
* The proportions represented in Figure 9«^ are derived from the 
marginal totals in the frequency tables: cited.The Method of 
Calculation is the same as for Figure 7-12 (see Chapter 7)
E.g. B-j-^ E^  = .11/29- = O'.38 (see table 9-10)
Bf e E 2. = 11/12 = 0.92 (see table 9-10)
The Second Order links are derived from the POSA (see figure 9*2)
E.g. B£-*E2D2 = 11/16+2+11. = 11/29 ■= 0,38. -
B-jE^Dg = 11/11 = 1.0
3lE2e”D2 = 11/2+11+7+1= 11/21 =0.52
BJ-E2D2 = .11/12 = 0.92
Table 9.20 SOLARIUM SAMPLE INDIVIDUALS: PAIRWISE COMPARISONS
(A) GROUP MEMBERSHIP, (B) ATTACHMENT AT CUE, -(C) CUE 
(D) AFFILIATION AT EXIT: Including 3 LEVELS OF AFFILIATION 
(attachment)
(a) (B) ATTACHMENT AT CUE by (C) CUE
(X2 = 11.17, P <•02)
ATTACHMENT AT CUE
CUE
%
Attached
B2
Separated 
(with others
b3' 
Separated 
) (Alone)
C1 Ambiguous ll+ 15 1+ (Um)
C2 Verbal 32 12 6 (3m)
C3
Unambiguous 33 12 0 (13m)
(79) (39) (10) (20m)*
(*= 16 staff, 1+ public with no sub-group Attachment)
(b) (A) GROUP MEMBERSHIP BY (D) AFFILIATION AT EXIT
(x2 = 28.U9, p <.0001)
GROUP MEMBERSHIP
(33)
(50)
(1+5)
AFFILIATION 
AT EXIT
(hi)
Ai
Mixed
A2
Family
D1 Affiliated 6 51+
D2 Separated (with others)
ll+ 20
D3 Separated(alone) 21 13
(87)
(B) ATTACHMENT AT CUE BY (D) AFFILIATION AT EXIT 
(X2 = 13.71+, p <.0l)
ATTACHMENT AT CUE
(60)
(31+)
(31+) S
(128)
ir\ cj u~v 
v  v  v  
ft ft Pi
C\ On co  
VO -VO CO
H  on on
II 11 11
CM CM CM 
X X X
*1
ft•H * * ?<! 
PtsO^— •— — ■ - • H <Jj <  O CO > -
"o rd o ft
AFFILIATION 
AT EXIT
Bi
Attached
B2
Separated 
[with others)
B3
Separated 
(alone)
D^ Affiliated 1+5 9 6 (60)
D2 Separated 
(with others)
17 16 1 (3U)
D^ Separated (alone) 17
. . . . .
Ik 3 (3b)
(79) (39) (10) (128)
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